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PREFACE

This report, produced as part of the DOT/SST Technology Follow-On Program, phise
I, task VI Advanced Electronic Display  System (ADEDS). is the Tinal report to be
submitted under this program. The purpose of this report is to provide a summary of the
flight test results and a subjective critique of the operational design.

The basic objective ol the ADEDS task was to complete the system development eltort
initiated during the prototype SST program and to make the results of such effort available
to industry. This objective has been achieved. as evidenced by data provided by this report
and the referenced reports.

The flight test effort involved 53.5 hours with the flight deck equipment - EADL MED,
and NCDU installed at the first officer’s position ona 737-100 (No. NASA 515). This test
airplane was provided as Government-furnished property to Boeing by NASA Langley
Rescarch Center.

This Night test program was supplemented by a joint Boeing/DOT/NASA Hight test
(23.5 flight hours) of an advanced guidance and control system (AGCS). Partial information
relating to this testing is given in this report. Boeing document D6-41593, Supplemenial
Flight Test Report, provides more details on this aspect of the overall NASA 515 flight test
eltort,
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1.0 INTRODUCTION

IThe ADEDS tlight test configuration is shown in figure 1-1. This configuration was
supplemented by the addition of the advanced guidance and control system (AGCS) to the
ADEDS fhght test airplane. The resulting total equipment configuration and involved
redundancy levels are reflected in figure 1-2. Note that the major element of equipment
added by the AGCS installation was the triple-redundant incremental control processor
system thight control equipment. This triple-channel digital flight control equipment was
developed under task IV of the SST Technology Follow-On Program, phase 11 This
equipment was integrated and installed in the ADEDS flight test airplane as part of a joint
Boeing/DOT/NASA program that was performed at no cost to the DOT.

The AGCS flight test was performed in parallel and on a noninterference basis with the
ADEDS flight test on the NASA 515 737-100. The parallel performance of tiese two flight
test efforts was possible because the ADEDS was concerned primarily with terminal area
operation, while the AGCS was concerned primarily with autoland. The concurrent
availability of the ADEDS/AGCS equipment on the test airplane significantly enhanced the
operational capability and flexibility ol the flight test airplane in support of the respective
flight test efforts.

Reference | provides a detailed discussion of the ADEDS installation in the NASA 515
airplane, and soference 2 gives a more detailed description of the results of the AGCS
flight test.

During the ADEDS flight test, numerous revisions were made to the ADEDS
equipment functional and softwure requirements. These revisions are summarized in
appendix A. The baseline requireraents are provided in reference 3 and represent the
equipment requirements at the time of delivery from the equipment subcontractors.

The ADEDS flight test was performed between January 8 and March 15, 1974. Table
1-1 summarizes the flights conducted during this period, including those related primarily to
the AGCS testing. The ADEDS flights were categorized into three basic groups:
(1) engineering acceptance flights, (2) operational evaluation flights, and (3) system
demonstration flights. These flight categories are outlined in detail in reference 4. Each
flight is summarized in section 2.1.

Prior effort accomplished under the prototype SST program and subsequent Boeing
research provided a strong data base for preparing the equipment specifications, but a
considerable portion of the hardware and software remained to be translated from
design/performance specifications to working equipment. The ADEDS equipment as tested
during the flight test program performed within the specified requirements with some minor
exceptions. Problems encountered with the installed equipment were within expected levels
for development hardware and software of this type. A summary of the major problems
with the equipment after airplane installation is given in section 2.1,2.3,and 2.4 of this
report. For a discussion of the simulation development and integration of the equipment
prior to installation, see reference S.
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e flight data recorded durmg the flight test etfort are summarized in section 3.1,
These data were recorded by the data acquisition system deseribed in detail in reference 4.
The procedure by which the raw recorded data were reduced to the form presented 1y
reviewed tnosection 301

One of the objectives oF the ADEDS task was to provide flight test data for comparison
with simulation evaluation data reported in reference 5.1t must be recognized that the data
samples tor both these evaluations were fimited i scope, and any comparisons must be
properly weighted by this limitation,

The ADEDS flight test and simulation data were for a controlled test condition. Pitots
were from the Boeing Flight Test organization and their prior experience with displiy and
control concepts simikar to those oF ADEDS varied from exteasive to very little.

The flight test data are summarized in section 3.1, A more complete set of data from
which these results were obtained is contained in appendix B. For the size data sample
available. the data are considered  basically  to show that the operational  capability

improvement potential that has been attributed to ADEDS-type systems can m fuct be
realized under operational flight conditions. The data indicate that the speaihic display
guidance mode used does not significantly aftect tracking performance. The data further
indicate that display formats that combine vertical and horizontal sutdance information on
one display result in comparable tracking performance regardless of minor difterences in
symbology. The magnitude ol these improved position control parameters in automatic
and/or manual modes indicates that their availubility in the operational environment would
provide potential improvement in terminal area operations. It should be recognized that
guidance modes  demonstrated  during the ADEDS flight test also provide potential
improvements in performance during climb-out, cruise, and descent legs of the flight profile.

The supporting operational ATC environment is one of the key elements in establishing
operational design adequacy and realizing the effective application of an ADEDS-type
system. The scope of the ADEDS task did notinclude the design or analysis ol tuture ATC
environments. Plans to perform at !aast limited Fhght testing in an advanced ATC
environment (ARTS 111 with metering and spacing) at NAFEC or Atlanta were not realized
due to test site schednling and equipment availability problems. Therefore, the ADEDS
evaluation was performed totally under the control of operational ATC personnel with
supporting operational procedures acceptable to the active controllers.

The ADEDS flight test was aftorded outstanding support by Scattle Center, Seattle
Approach Control, Grant County Tower, and Grant County Approach Control personnel.
Several controllers and supervisory personnel from cach facility participated in the pretlight
and postflight meetings. In addition, several controllers flew on the airplane during
operational evaluation flights. This active participation and interest by the respective ATC
facility personnel contributed significantly to the success of the ADLDS flight test elfort by
providing an informed basis for their comments regarding potential benefits and problems
related to use of an ADEDS-type system in a future ATC environment. For ¢ description of
the flight profile catalog used to coordinate the Iight test with ATC, sec reference 4 and
appendix C of this report.




At this point, 1t should be stated that the ATC support afforded ADEDS was from
operational centers and towers. As such, thie personnel invelved were not expressing the
opinion ol the FAA ATC development organizations but were expressing opinions regarding
their experience during support of the system test,

The consensus of controller comments appears to be that an ADEDS-type system does
provide potential improvements in terminal area ATC operations. 1his potential improve-
ment could be partially realized by existing or planned improvements in ATC equipment
and procedures. Elfective realization of the full potential will require additional parallel
analysis and development ot both airborne and ground equipment and proedures. This
development would necessarily be performed in an environment where the ATC equipment
and procedures could be altered as were those of the ADEDS airborne equipment. Such
variations are not possibie in an operationat environment .

It should be noted that the potential improvements are for an ADEDS-type system.
The Tormal defintion ol design and performance requirements ot the Tinal system is
considered part of the preceding suggested development ettfort.

Another major consideration affectng the potential application of an ADEDS-type
system is the ability of the flightcrew to effectively utilize its capability without
compromising salety. There ure two basic considerations that must be given to any
interpretation ol flighterew comments regarding the ADEDS operational design adequacy.
First, the data sample of pilots is small und, thercfore, somewhat subjective. Second, the
ADEDS operational design was in conlormance with a development effort that required
flexibility to evaluate a broud spectrum of operational modes and, therefore, included
nunaerous requirements  that would not be present in a production system. These
requirements often resulted in less than optimum system/crew interluces.

The primary flightcrew comments were obtained Trom the controlled ADEDS group of
four pilots. However, comments were ualso obtained from numerous Government, airline,
and supporting Boemg test pilots. Flightecrew comments can be categorized in two major
groups: (1) comments regarding the future operational application; i.e., post-1980, and
(2) comments regarding application to contemporary operational usage. For the most part.
pilot comments were related to one ol these groups depending upon the respective pilot
background, experience with experimental systems, and current job description. The
ADEDS tusk was performed on the basis of potential future application and was, therefore,
primarily interested in comments fitting into the lirst group.

In summuary, the tlightcrew comments were as follows:

1) The simulation effort was invaluable in the development and preflight checkout
of flightcrew procedures.

2)  CRT displays provide un ideal medium lTor presenting situation/command/status
information to the flightcrew. This is particularly true for ADEDS-type systems
that encompuss advanced navigation/guidance/flight control equipment, sup-
porting sensors, and procedures.,




3y The flight test clearly demonstrated that 31)/4D operations are feasible from the

flightcrew/airplane viewpoint.

A more detailed discussion of the operational design ol the ADEDS is provided in
section 3.2.

in conctusion, it is considered appropriate to make some observations regarding the
ADEDS task from the viewpoint of what should be done differently or additionally tor
foltow-on programs. There are two primary items that are identitiable as recommended
clements ol follow-on programs:

1) The navigation computer should include an algorithm for providing 1LS
computation to supplement INS updating by VOR/DME during approach and
landing. This capability would offset the navigation system degradation seen
during ADEDS thght test approaches where adequate VOR/DME signals were not
available during the finat tow attitude approach and landing. This signal wornld not
be used by the autoland system.

2)  The operational design of @ 1980 to 1990 system should include a data link
system, This portion of the ground-air and airborne system interface is considered
a kev clement to the ultimate realization of the full potential of an advanced
technology system for commercial airplanes. Future programs of this type should
include provisions for the full evaluation of data link.

Additional comments regarding suggested considerations for inclusion in any follow-on
effort are included in section 3.0 of this report.

A summary rece nmendation regarding tollow-on ADEDS-type programs would be that
such programs be based more closely upon an opeiational configuration of hardware,
including basic consideration 10 the projected ATC environment and operational proce-
dures. The ADEDS Hight test and simulation cftorts have provided valuable data toward the
definition of such a system. The ADEDS cquipment will continue to be flown in the NASA
Rescarch Support Hlight System at Langley Research Center during the next several years.
This additional opportunity to further isolate specific design and performance criteria lor
the operational system, particularly the ATC portion, should be strongly considered as a
portion ol the FAA participation in this program to the continued development of
commercial aviation advanced system operationaf concepts that will provide improvements
in traffic density, noise abatement, and cconomy with (as a minimum) no degradation in
safety standards.




2.0 FLIGHT TEST REVIEW

The Following paragraphs provide a more detailed review ol the ADEDS 1ight test
program. This review includes: (1) a summary description ol cach flight profile and related
system perforniance comments, (2) a navigation system performance summary, (3) an INS
performance summary, and (4) a display system performance summary. Dilferences in
times between the following Hight descriptions and those given by table I-1 are a result of
the inclusion of taxi and holding for takeoff clearance in the following descriptions.

2.1 FLIGHT SUMMARY

Flight 5-1, January 8, 1974

This was the initial Might dedicated to ADEDS engineering acceptance testing. The First
flight en December 19, 1974 was primarily for the purpose ol checking the basic airplane
systems. The airplane had not tflown since mid-August 1973 and during this time, an engine
was changed on the airplane.

Departure from KBFI was via standard SID BENI3P. Prior to autoland testing at
KPAE, navigation system accuracy, display symbology quality, and various airplane control
modes were evaluated. The initial approach to KPALE was via standard STAR CANI6 with
transition to autoland for a touch and go. A total of three touch-and-go autolends were
accomplished, with a Tourth being aborted.

The en route segment From KPAE to KBFI was flown 4D coupled with an autoland
being accomplished at KBFI.

Flight 5-2, January 11, 1974

The purpose of this flight was to continue the ADEDS acceptance testing. Departure
from KBFI was via noisc-abatement SID SUMI3R. En route to KMWII, 2D, 3D, and 4D
guidance options were checked as well as the autopilot modes for TK, ALT, FPA, and CAS
select CWS. A 4D transition to autoland was made at KMWH via curved, descending,
decclerating STAR EPH32R. A racetrack course was entered for the performance of three
touch-and-go autolands. The return to KBF} inciuded checking various system modes as
performed on the en route segment to KMW!. I addition, a holding pattern was executed
at the Ephrata VOR. The approach to KBH was via two-segment, straight, decelerating
STAR ENU3I1L, with transition to autoland tv 200 I't where the pilot disconnected and
completed the landing in the manual mode.

System Performance Comments
Navigation
e NCU,OK.
e NCDU 002. Keyboard hangup prior to taxi, cycling of key **H” cleared it.

e NCDU 003. Keyboard hangup after power transient. Recycling 400 Hz and 28V
twice cleared it.




INS, SN 4006, OK.

INS. SN 094, 7.5 nmi/lr. Navigation error caused aborted autoland at Moses Lake
and necessitated landing to realign,

The navigation software performance was excellent (<0.1-nmi crror at KBFI), but
update mode annunciation problems occurred during part of the tlight; i.e., 1IXX when DME
wirs good: also, impossible mode IVV was seen on the MED, Navigation mode was therefore
uncertain on the way to KMWIL After the stop at KMWII Tor INS No. | realiginment, the
1IDD, IDX modes worked OK on the Right back. 1DV was seen occasionally .

Displays Numerous transmission errors indicated by the PCU and zero data were again
detected on EADI bus, causing Flickering stroke symbology. Jump in the MFD picture
indicated periodic bad transniission,

All EADI functions looked reasonable except Tor the Flickering caused by the EADI
bus 1/0 problem. Star and circle had ghiches when limited. Runway symbology was still bad
since no corrections had been added sice the last flight.

A I-sec lag filter was added to the MFD ACNORM at KMWH. Thercafter, trend vector
looked good. New annunciation of NAYV mode and GS was acceptable but too bright. Alt
Range symbot disappearcd off the bottom ol the screen.

Flight 5-3, January 18, 1974

The purpose of this flight was to continue testing, leading to engineering acceptance of
the ADEDS. Departure from KBFI was via noise-shatement SID SUMI3R. Following
completion of the SID, transition to a square test pattern was executed for navigation
system accuracy checks. This pattern was followed by a figure 8 pattern (sid octal) flown
over the Scattle arca at 21,000 and 31,000 ft with DME constant radius turns. Testing
during the above flight profile included 2D, 3D, and 4D modes plus variations of autopilot
CWS modes, including altitude hold, track select, flightpath angle select, and computed
airspeed select. The ADEDS testing included navigation accuracy checks, turn commands
with 179° track error, programmed groundspeed changes, curved trend vector, altitude/range
limiting, and navigation system autotuning.

A 4D approach was made to KPAE via curved, descending, decelerating STAR EDMI6
with transition to autoland for a touch-and-go landing. Due to weather conditions, the
remainder of this test was canceled and a direct flight to KBFI was made.

System Performance Comments

Nuavigation

e Bombed computer memory occurred when ground power lost during bus transfer.

e Computer autotune outputs were suspected of being in error.




No NCDU problems; TV monitor of the pallet NCDU occurred for the first time,
GUID software oftset XTKLE in 2D may be due to 1CPS.

Autothrottle overboosting occurred due to not compensating fou pilot’s hand on
the throttle.

VGSDOT software patch for differentiating GS in NCU was unsuccessful.
Autotuning and Nav update from station 2 could not be achieved, probably
because of frequency checks not being valid. 1DV mode was achieved using

manual tuning from the cockpit.,

Early in the flight, DME data were being received from both DMEs, but later No. 2
duta were not received.

The light was flown most of the time in IDX with SEA manually tuned.

Disuastrous results. Schuler errors that resulted in residual ground speeds of 8 kt
(SN 406) and 22 ki (SN 094) caused autopilot trips.

INS No. 2 (SN 406) again accepted wind angle as runway heading,

Nayv Checks

Time WPT C-4000 DME REF DML
13:24  CHARLY SEA 406.88 47.03

BLI  71.49 71.10
TUMWR  SEA  38.55 38.58
OLM 545 5.50
BROOK OLM 28.8] 28.79

LAT LON
KPAE N 47°554' W [22°17.0¢
KBFI N 47°32.3"  WI22° 171 N47°32.1" W 122°18.3

Displays

No interface problems apparent during the entire flight. Bus 3 data were being
lost prior to taxi. Proved to be duata dependent because OK in NCDU test mode.

Prior to flight test, jitter appeared on MEFD, but it cleared up. Jitter was induced
after a power transient,

EADI. FPA and star and circle were noisy in X dimension during turbulence; filter
was required.




Uaresolved sum chieck error in bank 4 must have been due to an crror on the
punched tape.  (Sum  check differed by 00000400  between histing  and
location 734.)

EADI runway centerhine limiting again was no good. Runway was not seen in the
limited condition.

Flight 5-4, Junnary 23, 1974

Departure from KBEL was via noise-abatement SID SUMI3R through 11,000 {t cn
route to a cruise altitude of 17,000 1t to KMWIH.

:n route, basic INS, navigation accuracy, and autotuning checks were made. This was
folfowed by a reversionary navigation mode check and autothrottle checks and adjustments.

Following a series of CWS checks. adjustiments were made in flight to further reduce
column acuvity noted on previous flights. Limit checks were made on wheel and column
detents and coupled autopilot bank angle. Autothrottle limit cheeks were performed for
both maximum EPR and V!\l()“M:‘\IO'

A 4D approach was made to runway 32R at KMWH, using 3D-coupled path modes and
manual throttie control. This contro!l wus a eurved, descending, decelerating path beginning
at 11,000 ft. The R-Nav to ILS transition was successfully accomplished, and automatic
flare and touchdown were accomplished with a time error of less than | sec. Variations in
wind direction and velocity during this approach were severe, ranging from 60+ kt tailwind
component at 11,000 ft, through a 40+ kt headwind component at 4,000 ft during the
descent, to a 5 kt crosswind at touchdown.

Three additional touch-and-go autolunds were executed with two of these going
through touchdown. The third was terminated at the middle marker due to tower
instructions for traffic avoidance. The second approach encountered 747 wake turbulence at
60 ft AGL: the autoland system corrected for the vortex disturbance and flared to a
successful touchdown slightly to the right of centerline.

The return to KBFI was made 4D coupled. A curved, descending, decelerating
approach was made to runway 13R. Coupled mode operation was terminated at the outer
marker due to low ecilings and turbulence.

System Performance Comments

Navigation

® A software patch wuas necessary to protect against a faulty power interrupt

routine whereby the power interrupt was controlied by mask bit 22 (time

interrupt) instead of mask bit 24 in the interrupt mask word LOC 23.

Frequency commons for autotune were deliberately shorted together to ensure
the autotune function was operative. An ECR was incorporated prior to flight to




reduce the frequency common sink resistor to 1 K instead of 3.3 K. A problem
still existed with the relay contact resistance in the airplance accessory box.,

Key “I™ on NCDU SN 003 was replaced prior to flight. No Turther problems
were experienced.

Fop two rows of keys on NCDU SN 002 were much fess brightly illuminated than
the rest of the keyboard.,

IDD dogic had a hole in it A 10-sec delay between switching DME No. 2 stations
was patched in Tor this fight. The Tirst 2-1/2 hr of Might were OK in IDD and
ADD modes. The problem oceurred when 1XD mode was annunciated even when
DML No. | was good: i.c., the same station was accepted as DML No. 2. The
mode later switched 1o 1DX but never to 1DD.

Other soltware-related incidents included a 9° heading change when ADD was
selected. Airplane compass was suspected. Also, the Yakima (YKM) DME waus
frequently rejected by autotune Ffor no apparent reason,

INS Three new INS systems were used. SN 748 modified to provide acceleration
resolution of 1/64 It/sec replaced the rejected system SN 039, Two unmodilied INS,
SN 753 und 766, were used in positions A and C, respectively. Performance summary was as
follows:

INSSN ALAT ALON AGS
(min) (min) (kt)

Nav time: 7 hr 748 0.6 1.0 3

Flight time: 3 hr 753 1.5 2.6 |
766 0.1 0.2 3

Displays

® Few errors in transmission were detected in flight. After 2 hr 40 min ol flight, the
PCU had detected the following bad transmissions:

MFD bus | 10 errors
MFD  bus 2 12 errors
EADI bus 0 errors

The blinking EADI symbology experienced on previous flights had occurred
recently only with the waypoint TAG. This was isolated as a display problem.

The EADI FPA symbol was in error when on the runway and shortly after
takeolt. This was probably due to errors in the HDOT calculation.

The MFD time box moved off the path during the entire leg from APDLN to
SIMCE, and an extra linc appeared on the other side of the path.




o Conius on the MED thght plan path were oceasionally wrong,
e  MI'D outer murker symbol angle was intermittently in error.

e No f{lure discrete was apparently received because no blinking of I'PA was
ob:erved on the EADI.

° EADI runway symbology was wrong in four ways:
1y Step position changes when turning
2)  Centerline errors when limited

3)  Runway outline errors when limited

4)  Runway centerline appeared later than runway

Flight 5-5. February 5, 1974

The purpose of this Thght was to continue engineering seceptance testing ol ADLEDS.
Departure 'rom KBFL was via standard SHD) WATI3R en route to the test location over the
North C.scude mountains. During the first circuit around the rectungular test path, the
autothrottle operation was unsuccesstul. This problem was caused by the No. | throttle
sticking at approximately 1.4 EPR for about 3 min. During this period, problems were also
encountered with the display system memory parity crrors. One additional circuit of the
test path was made after clearing the throttle condition, hut continued display problems
were of such a nature that further testing was cancelled. Further autolund tests were also
cancelled due to the unknown cause of the throttle problem.

The return to KBFI was direct.
System Performance Comments
Navigation

o Changing of the SPBP transmitter on February 4, 1974, apparently cured all MFD
1/O problems.

e Two NCDU keybouard hangups were experieniced prior to flight and cured by
cycling power.

e Problems with the basic airplane throttle system aborted all checkout ol
autothrottle functions.

e Nav error at the end ol light was excessive.

1) 0.25 nmi XTKE at touchdown

2) ALAT 0.3
ALON-0.8'

at the ramp




This error is suspected to be due to IDV mode operation for a short while during
Y the approach,

e  Buro inertial loop. HDOT errors on the runway caused up to 10°of FPA error on
the EADL. The symptoms are as lollows:

1) Acceleration to *“Takeoll™ causes negative FPA,

L4
2)  Deceleration at “Landing” causes positive FPA.
3) Unaceelerated tuxiing does not cause error. |
R 4) VACCEL in the C-4000 7stuticully agrees with [CPS analog it from the INS:
i.e., LOC 177 0.25 I't/sec= = 20 mV at ICPS !
5)  IDOT rump of 3 t't/scc2 have been recorded while VGSDOT max is S I't/sec.
6) Traces of VACCEL Itom the C-4000 are noisy and do not follow analog
4 recordings at the 1CPS. |
Tentative conclusion is that the C-4000 A/D converter may be the cause. "
e Runway centerline symbology for the EADI is in crror when the slope |

approaches zero,
° Star and cirele had errors in the limited condition, probably due to overflows.

INS—All three systems performed extremely well. Performance summary was as

follows:

INSSN ALAT ALON AGS
(min) (min) (kt)

Navtime: 2.75 hr 406 0.6 +1.0 1

Flight time: 1.9 hr 748 0.4 +0.21 2

766 0.1 +0.1 0

(unmodified)
Displays

e Memory parity errors caused several losses of displays and eventually caused
permanent loss of track tapc on the MFED und displacement of FPAC on the
EADL

e TV worked OK throughout the flight.

e The new LOC/GS deviation symbol was used for the first time.

e No software problems.




Flight 5-6. February 8. 1974

Departure from KB wae via departure turn SID BUR1T3R en route to KPAL where a
curved, descending, decelerating STAR EDM 16 was used Tor approach, and then transition
to a manual flight director approach was accomplished, followed by a touch and go. En
route to a test path in the North Cascades, autoprlot and navigation mode checks were
performed; then, for the approach to KMWH, curved, descending, decelerating STAR
SIP32R was used, followed by transition to an autoland touch and go. Following two
racetrack course autolands, a full stop was made for refucling. This marked the end ol the
engineering acceptunce testing and the beginning ol the operational evaluation testing lor
ADLEDS.

Using Night director guidance, the Tollowing sequence ol SIDs und STARs were flown
at KMWH: close-in turn SID POW32R straight, decelerating STAR CON32R | standard SID
POT32R curved, descending, decelerating STAR SIP32R. Departure from KMWH was via
two-segment SID COR32R using flight director guidance, and the approach to KBFI was via
two-segment, straight, decelerating STAR ENU3IL.

System Performance Comments

Navigation

e NCDU SN 002 had mtermittent problem with “K™ key.

e Active NCDU was translerred to the cockpit by wiring change i the X1
matrix box.

DME No. 1 autotuning was suspected. DME No. | and No. 2 frequency commons
were currently tied together at the matrix. The No. I DME was suspected and
apparently failed during flight.

The wind calculation had 11-kt resolution and did not switch over to CAS.

The MFD trend vector had an erroncous line.

Runway symbol loaded too narrow,

The MFD ratcheted when turning on the ground.

C-4000 bulk data must be changed so that all waypoints are referenced to
VORTAC.

INS - Velocity inconsistencies up to 30 kt were detected in flight in the No. 2 system
SN 748. This adversely affected NCU navigation and caused autopilot first Tailure
indications.




|
)
Velocity (kt)
1 INS INS INS INS INS NCU-
Time DG No.l 2-1 No.2 2-3 No. 3 NCU INS NO. 2
11:57 270 467  -29 438  -28 466
12:02 400 0 400 -1 401 -
12:03 393 -7 38 -8 394 369 -17
12:05 160 449 0 449 0 449 445 -4
12:10 354 -3 351 -6 357 355 +4
¥ 12:13.30 390 -9 381 -7 388 383 +2
12:17 384 -12 372 -7 379 - -
12:19 365 -15 350 -14 364 356 +6
12:20 116 361 ~-16 345 -14 359 354 +9 |
12:22 95 349 -16 333 -17 350 347 +14
12:24 95 304 -14 200 -15 305 306 +16 |- ]
12:26 246 Y 237 -6 243 246 +9 1
12:29 215 -7 208 -6 214 198 -10
12:31 210 0 210 0 210 203 -7
12:33 193 -7 186 -10 196 197 +11
12:34 196 -5 191 -3 194 - — —
12:35 175 -5 171 =2 173 172 +1
12:36 174  +1 175+l 174 - =
12:37 188  +1 189 -1 190 187 =2
12:38 342 136 +1 137+l 136 — =
12:43 172 -3 169 -1 170 170 +1]
12:48 192 -3 189 -5 194 189 0
12:50 283 183  -11 172 -9 131 173 +1
12:52 158 -10 148 -9 157 150 +2
12:54 350 155 ] 15§ -7 162 — —
12:56 342 128 -3 125 -4 124 128 +3 [
13:05 162 132 +1 133 +2 131 132 -1
13:06 275 145 -8 137 -6 143 - -
13:07 340 158 -2 156 -3 159 157 +1
INS No. 1 (SN 406) and INS No. 2 (SN 748) were interchanged at KMWH. No large
discrepancies in GS were noted thereafter, but a large (> 1 nmi) navigation error was
noticed during approach to KBFIL.
— Terminal accuracies of the INS were as follows:
INS SN ALAT ALON
(min) (min)
KBFI to KMWH '
Nav time: 4.7 hr 406 -3.8 +0.5
Flight time: 2.3 hr 748 -1.4 +0.2
' 766 +1.1 +4.0
NCU -0.3 +0.2
‘ ’ 17




INS SN ALAT ALON 4GS
(min) (min) (kt)

KMWII to KBFI

Nav time: 3.0 i 4006 0.6 +0.2 4
Ilight time: 2.5 hr 748 -1.3 -3.7 2
706 +2.1 -1.5 |
NCU -0.6 0.2 0

Displays
e Nosoftware problems

e Memory parity problems throughout the flight resulted in EADI mode control
loss. EADI pitch and voll wvalid indication. and total display loss.

e Power supplies were suspected of unproper operation.
Flight 6-1. February 13,1974

Departure from KBEID was via departure turn SID BURT3R, followed by a 4D coupled
flight to KMWIL. The approach to KMWH was via curved, descending, decelerating STAR
SIP32R from which a transition to an autoland for a touch and go was successtully
accomplished. This was followed by a racetrack course flown for three additional autolands.
The final autoland was a Tull stop for preparation for ADEDS evaluation  flights
from KMWH.

The initial ADEDS evaluation flight departure was via departure turn SID GRA32R
with the approach via straight, decelerating STAR CON32R. This flight was accomplished
using vertical plus waypoint guidance. The sccond Tight departure was via SID POW32R, a
close-in turn, using vertical plus waypoint guidance. The approach was via STAR SIP32R, a
curved, descending, decelerating path, using vertical plus waypoint guidance. The third flight
departure was via SID GRA32R, a departure turn path, using path perspective command
guidance. The approach was via STAR CON32R, u straight, decelerating path, using path
perspective command guidance. The departure for the Tourth flight was via SID EPHZ1. a
close-in turn, using path perspective command guidance: and the approach was via STAR
SUL32R, a two-segment approach, using path perspective command guidance.

The departure from KMWII for KBE1 was via SID POW32R, a close-in turn, in the
coupled mode. The ¢n route segment to KBFI was 4D coupled and the approach to KBF1
was aborted by ATC. This was Followed by reclearance for an autoland into KBFL

Results for this flight were significantly enhanced over the previous two by the
istallation of improved display memory electronics boards that provided proper memory
operation without parity errors encountered on previous flights.




Systern Performance Comments

Navigation

Dute to a bad connection somewhere, a problem occurred with the MCU prior to
flight.

There were no problems in flight.

The active NCDU was in the cockpit.

EADI. Pitch Might director gain was reduced by one-halt at KMWH.
Deficiencies observed during [Tight were as follows:

1) EADI. Star position jumped when limited and in a turn.

2)  EADI. FPA symbol had a lag at takeoll.

3) EADI. Flight director and circle command were noisy (suspected because of
unmodilied INS resolution).

EADI. Runway:
a)  Centerline upwards
b) Runway X, Y limits too small

¢) Runway outline error during takeoff when symbol should have
disappeared

MFED. Track angle ratcheting occurred when turning at high rate on the
ground. Update rate to the display was approximately 1/sec; it should be

20/sec.

Nav. Position changes on the ground were caused by INS Schuler velocitics.

SN 094 had excessive Schuler velocity errors and a 0.4 true heading error with
respect to the other INS.

SN 766, unmodilied, had adverse eflccts on EADI symbology.




The systems were realigned at KMWH. Performance summary was as follows:

INS No. ALAT ALON AGS
(min) (n1in) (kt)

KBFI to KMWH

Nav time: 4.0 hr 1 -1.9 -1.7 ]
Flight time: 3.0 hr 2 +0.5 +0.9 9,

3 0.7 -1.3 7

NCU -0.1 -0.7 0

KMWH to KBFI

Nav time: 2.6 hr ] -1.1 2.2 2
Flight time: 2.3 hr 2 +0.6 2.0 ]

3 -1.1 t0).4 8

NCU 0

4D time error summary was as follows:

Evaluation (MWH)

SID GRA32R -:01
STAR CON32R +:08
SID POW32R :00
STAR SIP32R +:01
SID GRA32R -:06
STAR CON32R +:02
STAR SUL32R :00
SID POW32R -:05

Displays
e New memory sensc amplifiers were installed.

e No memory parities were detected in flight, but there was one occurrence prior to
flight.

e Numerous Nav interface errors were detected. (Note: there had been none on
previous flights.)

e Intermittent problems with tag jumping occurred prior to flight.

e No software problems occurred.

e The new manual control ILS symbol (black cross) was mechanized.

Flight 6-2, February 14, 1974

Departure from KBFI was via departure turn SID BUR 3R en route to KPAE where an
approach was made via curved, descending. decelerating STAR EDMI6. Both of these flight




segments were flown using vertical-deviation-only guidance. Operational evaluation flights
were then flown out of KPAE. Departure for the first flight was via standard path SID
LOF16 using vertical-deviation-only guidance and an approach using S1 AR MOUIG6, a
two-segment path, with vertical-deviation-only guidance. Departure for the next flight was
via close-in turn SID GLE16 with vertical-deviation-only guidance, and the approach was via
standard path STAR ARL16. The fourth flight’s departure was via standard path SID
LOF16 using path perspective command guidance. The approach was via curved,
descending, decelerating STAR EDM 16 using path perspective situation guidance.

Departure from KPAE for KBFl was via close-in turn SID GLLE16 using path
perspective situation guidance. The en route portion of the flight to KBF1 was 4D coupled

with the automatic coupled approach via two-segment, straight, decclerating STAR KIT13R
with transition to an autoland.

System Performance Comments
Navigation—No hardware problems existed.
@ The bad INS SN 748 and the length of time in 1XD mode due to inadequate DME
coverage contributed to large errors at touchdown (XTKE =0.35R, 1.15R, 0.46L.

0.71L, and 0.63R). Several software changes will be incorporated to alleviate this:

1) Decrease geometry restriction for station 2 to 30° > bearing > 150° (was 45°
and 135°).

2) Increase the second station search to four stations (was two).
3) Retain velocity correction terms for S min (was 15 sec).
4) Use INS SN 406 in No. 2 position.
5) Add Whidbey Island (NUW) to bulk data.
e Wind calculation was in error on the ground and at low speed due to TAS

stopping at 160 to 180 kt. (Software limit is set to 150 kt.) 1t was suggested that
entering a SID on the NCDU will clear out ATC and FLT PLN will be

incorporated.
INS

e INS SN 748 showed large groundspeed discrepancies during turn as experienced
on flight 6-1. Maximum observed error was 17 kt at 90° heading. This system was
rejected after this flight.

e INS SN 094 had an 8-kt groundspeed error during a stop at KPAE and showed up
to 9-kt discrepancies in flight.

21




Performance summary was as follows:

INSNo. ALAT ALON 4GS
{(min) {min) (kt)

Nav time: 4.5 hr 0.4 +0.1 |
Flight time: 2.3 hr 0.9 0.9 ]
0.5 +0).3 8

0

0.3 -1.2

4D time error summary was as follows:

En route

KBFI to KPAE
KPAE to KBFI

Evaluation (KPAE)
SID LOF16
SID LOF16
STAR EDMI16
Display's

e Problems at power-on delayed the [ight; they were eventually cured when
memory was reloaded.

No new problems occurred.
There were no software problems after reload.
FPA on the EADI was bad on the ground.
HRAD limit was | ft and will chunge back to 5 ft.
e SCMD (Acceleration Command) was noisy al times.
e DA errors due to bad navigation were obvious on the EADI,
Flight 6-3, February 15,1974
Departure from KBFI for KMWH was via departure turn SID BURI3R in the
automatic mode. The en route portion of the flight was performed 4D coupled with the

approach to KMWH via curved, descending. deceleiating STAR EPH32R, followed by
successful transition to an autoland.

The first ADEDS evaluation flight departure was via close-in turn SID POW32R using
flight director guidance. The approach was via two-segme STAR COR32R, also using
flight director guidance. The second operation evaluation flis.t departure was via departure




turn SID GRA32R using Night director guidance, followed by cnroute to KPAL: 4D
coupled. The approach to KPAE was via stundard path STAR ARLI6 using tlight director
guidance. A toucli-and-go autoland was made at KPAE Tollowed by a 4D-coupled tight to
KBFI, with transition to autoland.

System Performance Comments
Navigation
o Cell 377 cannot be used for software as it is written into by DMA.
e No software problems were reported.

Navigation accuracy was OK since the INS No. 2, SN 748, nad been replaced by
SN 406.

XTKE at touchdown were 0.13L, 0.06L. at KMWH, 0.35L at KPAE and 0.45R
at KBFI.

No software changes occurred since last Ilight except the localizer and glide slope data
in the NCU were recorded.

INS- Miscellaneous GS difference observed in flight was 4 kt. Perlormance summary
was as follows:

INS No. SN ALAT A LON A GS
{min) {min) (kt)

766 0.1 0.1 I (peaked at 2)
406 4.3 -1.0 2 (ramped to 6 alter

1 hr)
3 094 -1.0 -1.7 2 (peaked at 6)

Displays - There was no change in status. The tellowing problems were still occurring:

@ Memory parity errors occasionally

e Displaced EADI at turn-on

e Intermittent loss of calligraphics in EADI

® Unstable text position (Y-axis jitter) on the MFD at initial turn-on
e Symbols not closing correctly

Flight 6-4, February 18, 1974

Departure from KBFI was via departure turn SID BURI13R using flight director
guidance. The flight to KPAE was coupled via radar vectoring with the approach via




standard STAR CANI16, terminating mn a transition to an autoland and tull stop. Due to
weather conditions, additional testing was cancelled. and a direct flight from KPAE to KBFI
was made 4D coupled witlt an autoland at KBI-L.
System Performance Comments

Navigation Svstem

e I'here were no hardware problems.

e Nuavigation performance was improved using station NUW. XTKE errors at
touchdown were 0.1 7R and 0.08L.

e Mode pancel 3D amber Tlashing was intermittent.
e LADI pitch fhight director was noisy at low speeds.
e LAND mode snnunciation came up wrong on NCDU.

™ Request was made that NCDU NAV DATA [ page errors not be blanked at the
end of the path.

INS- SN 094 continued to show large Schuler errors. Performance summary was as
follows:

INS No. ALAT ALON AGS
(min) ﬁ\in) (kt)

Nav time: 2.5 hr 1 0.4 0.7 1
Flight time: 0.81 hr 2 0.3 0.7 2
3 04 1.4 11

NCU 0 0 0

Flight 6-5, February 20, 1974

Departure from KBFI en route to KMWIl was an automatic departure turn SID
BURI3R. Enroute to KMWH numerous checks were made on autopilot modes during
coupled flight. The approach to KMWIL was via curved, descending, decelerating STAR
EPH32R with automatic transition to an autoland. A racetrack course was established to
perform three additional autolands. After the last autoland, a full stop was made in
preparation for the following ADEDS cvaluation flights.

The first flight departure was via noise abatement SID DOU32R using vertical-
deviation-only guidance, and the approach was via standard STAR WIN32R using flight
director guidance. The second flight departure was via noisc-abatement SID DOU32R using
path perspective situation guidance, and the approach was via standard STAR WIN32R
using path perspective situation guidance. Departure for evaluation flight three was via
close-in turn SID MAE14L using vertical plus waypoint guidance, and the approach was via




: curved, descending, decelerating STAR SIP32R using vertical plus waypoint guidance.
Departure for flight four was via standard SID POT32R, and the approach was via
two-segment STAR COR32R. Both of these used flight director guidance,

Departure from KMWI for KBFI wa. via noise abatement SID BOU32R using tlight
director guidance. The en route segment was flown 4D manual with the approach to KBFI

) via curved, descending, decelerating STAR TIGI3R with transition to autoland for landing
at KB

System Performance Comments

Nuvigation

L 4
e  No hardware probtems occurred.
e Nuavigation was satistactory with 30° bearing limitation, and 10-min velocity
correction retention.
? o [Foursstation scarch was still not operative.
® Recorded XTKLE at touchdown were 0.15L. 0.24L, 0.15L, 0.10L, 0.05L,
and 0.14L.

\ e Nuv autotunc problem developed twice with IDX mode, and Retune Navaid 2
message when station 2 was good. Manual tuning via NCDHU of the same station
cured the problem. Also, IXX mode was achicved instead of IDX when overflying
station 2.

e MFD ratcheting on ground was OK with new INS software giving true heading

3 5°/sec output rate.

e Autothrottle was very active when flying manually.

INS—New software (TH at 5%sec) was loaded o all three systems, and no new
problems developed. Systems were realigned at KMWH. Performance summary was as
follows:

INS No. ALAT ALON AGS
(min) (min) (kt)

KBFI to KMWH

Nav time: 4.5 hr ] -0.7 +6.1 4
Flight time: 4.1 hr 2 -1.3 +1.6 2
3 0.6 2.0 )

0

NCU 0.1 0.4




INSNo. ALAT  ALON 4GS

{imin) (tmin) (kt)
KMWILI to KBl
Nav time: 2.0 Iy | 0.4 -1.2 |
IFlight time: 1.5 Iir 2 0.3 0.2 |
3 04 -1.7 3
NCU 0.1 0.2 0

4D time error sunimary was as lollows:
[-n route:
KB to KMWII +:03
KMWII to KBl +:02

Evaluation:

SID DOU32R +:01
STAR WIN32R + 03
SID DOU32R 43
STAR WIN3ZR +:03
SID MALE14L +:01
STAR SIP32R +:08
SID MAL14L 101
STAR SIP32R +:13
SID POTI32R =19
STAR COR32R +:00
Displays

e  Startup symbology jitter— parity errors and brief shutdown in flight occurred.

e All EADI symbols using pitch angle in the display system showed intermittent
jitter. A/D problems were suspected.

e The pilot did not like the scale displays of LOC and GS. but it will be retained for
further evaluation.

e EADI runway symbology repeatedly went wrong ina takeoft situation.
Flight 6-6. Febiuary 21,1974

Departure from KBED was via an automatic SID BUR L3R with the en route segment to
KMWH being flown 4D coupled with the automatic approach 1o KMWH wvia curved.

descending, decelerating STAR EPH32R. An autoland was made with a lull stop in
preparation for performing the following ADEDS evaluation tlights.

The initial flight departure was close-in turn SID POW3 2R, and the approach was via
two-segment STAR COR32R with both segments using vertical-deviation-only guidance.




The second tlight mcluded the same SED S TAR combination, but path perspective situation
puidance was used. Sinularly, the third tlicht included the same SID/STAR combination,
but path perspective command guidance was used. The Tourth Ilight departure was via
departure turn SID GRA32R using Night director guidance. and the approach was via
two-secgment STAR CONT2R also using flight director guidance. The tilth Iight departure
wirs vid close-m tn SED POW32R | and the approach was via two-segment STAR COR32R
with both segments using [light director guidance. The sixvth thight included the same
SID/STAR combination as Might Tive, but vertical plus way pomit guidance was used. The
final evaluation thght departure was via noise-abatentent SID DOU32R, and the approach
was via curved, descending, decelerating STAR SIP32R with both segments using fhght
director guidance

The departure for KBIFF was an autonmatic noisc-abatement S1D DOU32R with the
fhight to KBFL 4D coupled with the approach via curved, descending, deccelerating STAR
FIGT3R with transition to an autoland at KBI'L,

System Pertormance Comments
Navigation

e New mechanization ol higher gains and 3-sec lag made tlight director guidance
acceptable.

Navigation errors at touchdown were 0.28L, 0011, 0171 0.30L, D031k, 0.03R,
0.12L, and 0.01L at KMWH and 0.07P at KBEL. This was exceptional considering
that EPH was ofl the air part of the time.

'S Performance sumimary was as follows:

INS No. SN ALAT 410N

(min) (nin

Nav time: 6.6 hr | 766 1.8 26
Fhight time: 6.1 hr ) 406 -6.0 |
3 094 1.6 0.

2
|

4D time crror summary was as lollows:

En route
KBFI to KMWH +:16
KMWH to KBFI -:46

Evaluation (KMWH)
SID POW32R -:20
STAR COR32R +:04
SID POW32R -:36
STAR COR32R +:.06
SID POW32R -1:01




STAR COR32R

SID GRA32R

STAR CON32R

SID POW32R

STAR COR32R +:07
SID POW32R =24
STAR COR32R -:05
SID DOU32R :00
STARSIP32R 1o

Displays  There were no new problems.

Flight 6-7. Febyuary 22, 1974

This Mlight provided two demonstration flights for representatives from the FAA and
from Boeing management. Each flight departure from KBEL was an automatic departuie
turn SID BURI3R. The en route segment to KPAL was 4D coupled witly an automatic
approach via curved. descending. decelerating STAR EDM106, ending in an autoland
transition and landing. The departure from KPALE was coupled via close-in turn SID GLET6
with the en roule segment to KBEL 4D coupled. The automatic approach to KBIFL was via
curved. descending, deceierating STAR TIGE3R with transition to an autoland at KBIFL

System Performance Comiments

Navigation

Probiem occurred again when Retune Navaid No. 2 messige came up wnd locked
Nav in IXX until No. 2 was manually tuned.

Other shortcomings were noticed and changes will be made to correct them:
1)  EADI FPAC went off screen in “Takeoff™: will limit to 10°.
2)  MFED. Alt Range symbol was too noisy: 3-see filter will be added.

Nav errors at “Touchdown” were 0.14L and O.11L at KPAL and 0.07L and
0.02R at KBFL.

Test instrumentation reported intermittent ARINC clock output fluctuation.
Terminal errors were as follows:

INSNo. ALAT ALON AGS
(min) {min) (kt)

Flight A
Nav time: L8 hr
Flight time: 1.2 hr




ALAT A LON
(min) (min)

Ilight 3
Nav time: 2.0 hr +0.4 +0.7
Flight tume: 1.2 hr 0.3 +0.9
0.2 0.2

0 0

4D time error summary was as follows:
En route

KPAE to KBFI -07

KBF! to KPAE :00

KPAL to KBI'I -:03
Displays- Many parity crrors in Hight, and intermittent EADI problems:
e Ditch jitter - A/D converter suspected
e Circle symbol not clear
e LEADI left-hand side blank

Flight 6-8. February 25, 1974

This was a demonstration flight including one Might to KPAE and return to KBFL. The
flight details are the same as those given tor flight 6-7.

System Performance Comments
Navigation
e The smoothed Altitude Range symbol Itoze at 0.

e Bulk data changes were necessary to reference all KPAL GRP’s to NUW (Whidbey
Island)

Unexplained errors in touchdown time were reported.

EADI runway (DA unfiltered) and potential gamma (10°limit) changes were OK.

Navigation XTKE’s at touchdown were 0.15L and 0.05L at KPAE and KBFt,
respectively.




Pertornumce summary wis i, follows:

INS No. SN ALAI A1LON
(0in) (1mn)

| 766 1.0 1.2

2 406 0.3 0.5

3 094 -0.3 .0

NCU 0 0

4D time error summary was as follows:
I.n roure
KBIEI to KPAL -:04
KPAL 1o KBEI 100
Displays

) Numerous parity errors occurred, and a tape reload was necessary.

e The INS invalid cross on the EADI occurred intermittently when the INS valid
was OK

Flight 6-9, February 26, 1974

The departure trom KBFI was via noise-abatement SID SUM 3R using IMight director
guidance. En rout~ to KMWH, the display system developed major problems that precluded
evaluation ol any flight conditions. The approach to KMWH wus an automatic approach via
curved, descending, decelerating STAR EPH32R. Efforts to correct the display system
problems were nnsuccesstul, and the decision was made to return to KBFIL. The departure
was via noisc-abatement SID DOU32R and the approach to KBFI was via two-segment,
straight, decelerating STAR KITI3R. The return ight was flown 4D coupled and an
autoland was accomplished at KBFIL.

System Performance Comments
Navigation

e  Autotunce No. 1 station tuning not reliable: suspected that the tuning problem had
not been solved by changing RNI cards in the NCU

IXD mode and station scarch frozen on OLM

NCDU keyboard hung up; ATC CLR key sticking suspected

Takeoff from KMWH with NO, EO position, and no GMT because of operator
errors (twice)




e Versine Tunction and new mechanization of Altitude Range
e Navigation XTKE at touchdown: 0.21L at KMWII and 0.15R at KBI-]

INS- Realignment took place at 90° heading at KMWIL. System performance summary
was as Tollows:

INSNo. ALAT ALON AGS
(min) (min) (kt)

Nav time: 2.2 hr ] -0.1 +0.3 |
IFlight time: 0.7 hr 2 -1.0 +0.1 |
3 -1.2 -2.6 2
Nav time: 1.2 hr | 0.3 0.9 |
Flight time: 0.8 hr i 0.4 +0.1 ]
3 04 -1.3 4

Displays - The display system was down most of the way to KMWI. Problems were:
e Mecmory wiped by a hydraulic switching transient during ground startup
e  Unable to reload
e Jittery EADI roll
e A glitch in MFD Alt Range symbol
Flight 6-10, February 27, 1974

The departure from KBFI was coupled via departure turn SID BUR1T3R en route to a
test path from Port Angeles to Portland to Olympia and terminating at KPAE. This test path
was flown to support engineering acceptance of fixes incorporated as a result of problems
encountcred during flight 6-9. The test conditions included 4D-coupled flight with various
meode checks and one manual and two autolands at KPAE. Following the completion of this
acceptance testing, the operational evaluation testing continucd.

There were two evaluation flights flown. The departure for the first flight was via
close-in turn SID GLE16 using flight director guidance. The approach was via straight,
decelerating STAR EDII6 using vertical-deviation-only guidance. Tlhie departure for the
second flight was via close-in turn SID GLI16 using vertical plus waypoint guidance, and
the approach was via straight, decelerating STAR EDI 6.

The departure from KPAE for KBFl was via standard path SID LOF16, and the
approach to KBFI was via curved, descending, decelerating STAR TIGI3R followed by an
autoland. This tlight was 4D coupled.

i

o
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System Performance Comments

Navigation - DME No. 2 trequently dropped out during this flight, both in NCDU
wnmg and manual tuning modes,

Sottware problems noticed were:
o Altera RIS, RES of a provisional clearance, 4D could not be obtained.

° MED. ADIZ line was on 4 nmi/in., but not on 2 or 8 Pilot objected to
alphanumeric overwriting.

Autotune was not searching for new No. I when geometry went bad. and did not
#0 to IDX when No. 2 went bad and No. 1 was good but with bad geometry.

Navigation dritt occurred on the ground when GS was less than S Kt

SEEL mode waypoint entry locked out PPOS waypoint entry on the AFC
CLR mode.

Autotune. When a No 2 had been manually tuned through the NCDU and then
rejected, it did not update at the next leg midpomt.

SEL page had 77 on line 5.

Navigation XTKE at touchdown were 0.01R, 0.1L, 0.321, 0.50L, and 0.065 at
KPAL, and 0.04R at KBFL There was no apparent reason for the 0.80L because
most ol the path was 1DD. The only difference was that OLM and BLI and OLM
and NUW were used; normal autoture uses SEA and NUW on these approaches.

4D guidance time crror, estimated time-of-arrival, and GMT appeared to be
inconsistent at the end of the path.

INS SN 094 had an 18-kt groundspeed error during the thivd stop at KPAE and had to
be realigned. Performance summary was as follows:

INS No. ALAT ALON AGS
(min) (mm) (kt)

KBF1 to KPAL
Nav time: 5.9 hr 1.8 0.1
Flight time: 5.3 hr 3.0 -0.4
-0.4 -24




1ICPS
Path oflset occurred and gradually cured itself,
VEL CWS was judged unaceeptable i roll because ol wheel movements not
mitiated by the pilot. Path following in pitch was diltficult because ol response
lags. Piteh sagged after small mputs.
e  [Ilight director was unusable in pitch and Lo active m roll.

4D time error summary was as follows:

I'n route
KPAL to KB +:37

' valuation
SID GLE 16 - 10
STAR EDIt6 -1:34
SID GLELO 100
STAR EED116 - 18
Displays- The followmg problems were noticed.
e LADI Rolljitter
e MPFD. Conic jitter, closure problems, and briglit spots
e PCU. Load problem when changing program at KPAL

e LEADL Piteh jitter (power supply problem)

Flight 6-11. March 4, 1974

Departure from KBFI was via noisc-abatement SID SUMT3R using path perspect ve
situation guidance. En route to KMWH, numerous outer-doop autopilot modes were checked
during coupled Might  The approach to KMWIT was via curved, descending, decelerating
STAR SIP32R. Two low approaches and threce tonel-and-go landings were made from a
racetrack course. Following the last landing test, a full stop was mae in preparation for the
performance of two ADEDS cvaluation flights.

Departure for the first flight was via noisc-abatement SID TANI14L using vertical-
deviation-only guidance, and the approaclt was via standard STAR WENI4L, also using
vertical-deviation-only gaidance. The second flight included the same SID/STAR combina-
tion but path perspective command guidance was used. The departure from KMWH was via
noise-abatement SID DOU32R, with thc remainder of the flight including the two-segment,
straight, decelerating STAR KITI13R and landing at KB was in the automatic mode.




System Performance Comments
Navigation

e EADI. “Star and Circle” portion jumps observed at 13.54:51, apparently duc to
loss of pitch from the 1CPS.

EADI. Acceleration command symbology jumped intermittently at 17.13:30,
EADI. Runway symbology blew up after crossing the approach threshold.
MFED. Alt/Range symbol computation was wrong,

MFD. One turn-point tick mark was missing.

GUID. Vertical path capture would not occur.

NCDU. New mechanization of ETA and TE on last legs was OK but did cause
jump in ATE of up to 20 sec.

NAV. Errors at touchdown at KMWH were:
0.11R (rwy 32), 0.0 (rwy 21), 0 1L (rwy 21), 0.15R (rwy 32), 0.50R (rwy 32),
0.88R (rwy 32), 0.77R (rwy 32), and 0.48R (rwy 32).

The error at KBF1 was 0.14R (rwy 16).

INS—Performance summary was as follows:

INSSN ALAT ALON

(min) (min)
Nav time: 6.3 hr 766 0.1 3.2
Flight time: 3.4 hr 406 7.1 29
094 2.9 0.8

4D time error summary was as follows:

En route
KBFI to KMWH -:10
KMWH to KBFI -1:01

Evaluation
SID TANI4L
STAR WENI14L
SID TANI4L
STAR WENI4L




Displays

e  MFED. Curved Trend Vector segments were disassociated, giving the appearance of
a crooked line.

MED. Path conics were itermittently wrong, i.c.. double arc length (could be a
Nav software problem).

EADIL Attitude invalid cross was still inhibited because it appeared when it
should not,

MED. Tag jumping problem persisted and will continue until 1 new power supply
is obtained.

Flight 6-12, March 5, 1974

Departure from KBFI was via departure turn SID BURI3R. The departure and en
route scgments to KPAE were flown 4D coupled. The approich to KPAL was via
two-segment SID MOUI6 using Ilight director guidance. Following this approach and
transition to autoland, one additional autoland was accomplished, ending in a full stop in
preparation for ADEDS evaluation testing.

The departure for the ADEDS evaluation flight was via standard SID LOF16. and the
approach was via two-scgment STAR MOUI16 with both segiments using flight director
guidance. The flight from KPAE to KBFI was coupled with the departure via close-in turn
SID GLE16 and the approach to KBFI via curved, descending, decelerating STAR TIGI3R.
The landing at KBFI was manual.

System Performance Comments

Navigation

® Roll input was lost from the ICPS (ICPS software crror). No pitch glitches
occurred as in flight 6-11.

MFD. Alt Range pitch worked OK .

GUID. VNAV capture logic error was found and corrected.,

EADL Acceleration command jumped only when reaching MMO and VMO limits.

Nav. XTKE at touchdowns were 0.02,0.01. 0.12R and 0.0t at KPAE and 0.06L
at KBFI.

MFD LAT line 45N appeared on 8 nmi/in. when it should not.

AUTOTUNE did not define NAVAID No. | on 1 ’POS-SEA-PDX clearance und
also did not update to PDX at midpoint.




NCDU ATC CLR. Entry of a PTA in ATC CLR did not work correctly; 13.30
came up at 13.03.

NAV XTKL errors at touchdown were 0.0, 0.0, at KPDX, 0.30R and 0.20R at
KSEA and 0.081 at KBFI.

INS Groundspeed discrepancies of 28-kt occurred on SN 094 in flight. Performance
summuary was as [ollows:

INS SN ALAT ALON AGS
{(min) (min) (kt)

KBFI to KPAE
Nav time: 3.2 hr 766 0.3 l.6

Flight time: 2.9 hr 406 0.2 1.6
094 6.9

KPAE to KBFI

Nav time: 2.2 hr 766 ! -0.4
Flight time: 1.8 hr 406 : 0.1
094 ! 2.0

4D time error summary was as lollows:

En route
KBFI to KPAE +1:06

Evaluation (KPAE)
SID LOF16 +:01
STAR MOUI1G6 +:10

Displays—No new problems occurred.

Flight 6-13, March 6. 1974

Departure from KBFI was via departure turn SID BURI3R using path perspective
situation guidance. The enroute segment to KMWH was 4D coupled and included
evaluation of several ADEDS display modes and autopilot functions. The approach to
KMWH was via standard STAR ROY 21 using path perspective situation guidance. The
transition to autolanc was completed successfully, but the autoland was abdorted at
approximately 350 min due to poor trim of the airplane.

Following a full stop, an ADEDS evaluation flight was performed. The departure for
this flight was via close-in turn SID EPH21, and the approach was via curved, descending,
decelerating STAR EPH32R. Both segments of this tlight used path perspective situation
guidance.

Prior to departure for KBFI, three additional autolands were performed. The departure
from KMWH Jor KBFI was via standard SID POT32R using puth perspective situation




guidance. Following a 4D-coupled flight to KBIL, an approuach via curved, descending,
decelerating STAR TIG13R was made to KBFI using path perspective command guidance.
The ensuing autoland was discontinued and the touchdown was manual.

System Performance Comments

Navigation

e LADI. Intermittent pitch glitches just after takeolt

e MID. Time box position indeterminate when PTA put in was carlier than the
start of the path

e MFED. Erroncous path tines noticed at a time when there was had geometry

® NAV. Large Nav errors ¢ > 1 nmi) in EXD over KMWIH

e NCDU. Large TE jump when went to last leg. i.e.. TE 0-42-24, 23 cte,

e TEST. Output ARINC 561 clock frequency with 107 instability variation

e MFD. Alt Runge not correct

INS - Performance summary was as follows:

INSSN ALAT ALON AGS
{(min) (min) (kt)

Nav time: 4.6 hr 766 0.8 -1.1 2
Flight time: 3.1 hr 406 0.8 0.1 3
094 2.1 4.3 10
NCU 0 0.4 0
41) time error summary was as follows:
En route
KBFI to KMWI +:10
KMWH to KBFi =05
Evaluation (KMWH)
SID EPH21 +:06
STAR EPH32R +:06
Displays 1
e EADI extraneous test pattern data appeared intermittently.

Input buffer overflow indicated by halting once in flight.

87
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Flight 6-14. March 7, 1974

Departure Trom KBIT was via departure turn SID BURI3R in the 4D-coupled mode.
The en route flight was 4D coupled, and the approach to KMWI was via curved, descending,
decelerating STAR SIP32R. After a full stop, two autolands were performed, followed by a

depanture for KB via close-in turn SID TUM32R Tor a 4D-coupled flight to KBF1 via
curved, descending, decelerating STAR TIG13R with transition to an autoland.

This fMlight included demonstrations for the USAF representatives who had arrived at
Bovcing aboard the “Speckled Trout.” Following this flight. the ADEDS engineers were given
4 demonstration (light aboard the “Speckled Trout™ similar to the one described above.
System Performance Comments

Navigation

° MED Alt Range symbol was fixed in 1light.

e NavIDV mode was mechanized with 20 nini maximum range limit.

° Nav errors XTKE were 0.47R and 0.1 at KMWIL. and 0.14 at KBEL.

IN'S -Performance sunimary was as follows:

INSSN ALAT ALON AGS
(min) (min) (kt)

Nav time: 3.0 hr 766 1.0 -0.9 P
Flight time: 2.5 hr 406 0.4 0.3 2
094 -1.0 0.9 4
NCU 0.2 0.4 0

4D time error summary was as follows:

En route
KBFI to KMWH +:07
KMWH to KBF1 01

Displays—There were no new problems.
Flight 6-15, March 8, 1974

The departure from KBFI was via departure turn SID BUR1T3R using path perspective
situation guidan.e. Velocity CWS was evaluated en route to KMWH with the approach being
made via curved, descending, decclerating STAR SIP32R, using vertical plus waypoint
guidance. Following a full stop, an ADEDS cevaluation flight was flown with the departure
via departure turn SID GRA32R. The approach was via straight. decelerating STAR
CON32R. Both segments of this flight used path perspective command guidance.




-y

Following this ITight, six autolinds were accomplished to evaliate intentional Tault
insertion in the fail operational autoland systen.

Following completion ol s testing. additional ADEDS evaluation IMghts were
accomplished. Departuve Tor the Tiest Hlight was via departure turn SH GRA32R using
vertical-deviation-only  guidance, and the approach was via straight, decelerating STAR
CON32R using path perspective command guidance.

Departure Irom KMWH for KBFT was via close-in tura SID TUM32R, and the approach
to KBIFL was via curved, descending decelerating STAR TIGI3R. Both segments of this
Hight used vertical-deviation-only guidance. The autoland to KBET was terminated at 100 [t
because ol second failure-occurrence, and a manual landing was complcted.

System Performance Comments
Nuavigation
® IDV and IVD modes were used with a 20-nmi range limit. but results were not
encouraging. XTKE errors at touchdown with primary preceding modes are

shown below:

1)) KMWH rwy 32R 0.06L (IDD), 0.03L (IVD). 0.281. (IXD), 0.56L (IVD).
0.7L (IXD), 0.35L (IXD). 0.49R (IDX), 1.05R (IDV), and 0.03L (1DD).

2)  KBFErwy I6R- 0.0 (absolute zero position errors observed on EADI runway
symbol)

® IVD mode acquisition was intermittent for reasons unknown. i.c., toggling 1VD,
1XD, or could not get IVD when should have.

INS - All systems performed well. A realignment was done at 90° heading at KMWH.
Performance summary was as follows:

INS SN ALAT ALON AGS
(min) (min) (kt)

KBFI to KMWH

Navtime: 4.0 hr 766 04 t1.0
Flight time: 3.0 hr 4006 -0.6 +0.4
748 0.8 +0).

KMWH to KBFI
Nav time: 2.0 hr 766 0.5 1.9
Flight time: 1.0 hr 400 0.1 0.5
74K 0.4 04

NCU 0 0.1
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4D time error summary was as follows:

I:n route
KBFI to KMWH +:16
KMWH to KBFI -02
Evaluation (KMWH)
SID GRA32R -:02
STAR CON32R +:03
STAR CON32R -:06
Displays

e MFD. Occuasionally path vector conics came up as double length on the display
(could be an NCU software problem).

e MFD. When path conics were partially offscreen, disconnected lines were
displayed.

e EADIL. The display was too dim even at maximum brightness. Other problems
persisting included character Y position jitter, extrancous data on EADI, EADI
attitude invalid cross, and MFD vector discontinuous lines.

Flight 6-16, March 11, 1974

This was a demonstration flight for representatives from ALPA. The flight to KPAE
and return were accomplished in the automatic mode. The departure from KBFI was via
departure turn SID BURI3R with the 4D-coupled flight to KPAE terminated via curved,
descending, decelerating STAR EDM16 with transition to an autoland for a touch and go.
The departure from KPAE was via close-in turn SID GLE16, and the 4D-coupled flight to
KBFI was terminated via curved, descending, decelerating STAR TIG13R with transition to
an autoland.

System Performance Comments

Navigation—XTKE error at KBFI was 0.15R (rwy 32R). XTKE errors at KPAE were
0.05L (rwy 16) and 0.20L (rwy 16).

INS—Performance summary was as follows:

INSSN ALAT ALON AGS
(min) (min) (kt)

Navtime: 1.5 hr 766 0.4 0.3 2
Flight time: 1.1 hr 406 0.3 0.4 1
748 0.1 0.5 2




Displays

e LADI and MI'D. Symbol distortion (open cicle) problem reappeared prior to
tlight.

MED. First character of waypoint name was missing and the star symbol was
distorted intenmittently prior to fhght,

Flight 6-17. March 11,1974

Departure from KBEL was coupled via departure turn BURI3R en route to KMWIH.
Attitude CWS and 4D-coupled modes were evaluated en route with the coupled approach to
KMWII via curved. descending, decelerating STAR LEPH32R we*h transition to autoland.
After a full stop, the Following ADEDS cvaluation fhights were accomplished.

The first flight departure from KMWIH was via noise-abatement SID TANI4L, and the
approach was via standard STAR WENT4L, with both segments using vertical-deviation-onty
guidance. The departure for the second flight was via noise-abatenient SID TANT4L, and
the approach was via standard STAR QUITHL, with both segients using path perspective
situation guidance. Departure for the third tlight was via close in turn SID TUM32R, and
the approach was via curved, descending, decelerating STAR SIP32R, with both scgments
using path perspective situation guidance.

The departure from KMWIT for KPAE was via noise-abatement S1D DOU32R and the
approach to KPAL was via two-scgment STAR MOU16, with both segments using path
perspective situation guidance. One evaluation flight was flown at KPAE with the departure
via close-in turn SID GLE16 and the approach via two-segment STAR MQU16, with both
segments using path perspective command guidance.

The departure from KPAE for KSEA was via noise-abatement SID BRE 16, where two

touch-and-go autolands were accomplished, followed by a direct flight to KBFI where a
manual landing was made.

System Performance Comments
Navigation

e Station overflight (< 1.8 nmi) fix was patched in at KMWLH after large errors
following overtlight of EPIL

XTKE errors at KMWH were 0.09L (rwy 321, 0.85R (rwy 14), 0.47R (rwy 14),
and 0.0 (rwy 32).

XTKE errors at KSEA were estimated 0.1R (rwy 16L) and 0.1R (rwy 16L).

NCDU looked good uader night light conditions (white on black keyboard only).




I | INS SN 748 developed a large westerly velocity error on the JUNCN-ALTE leg at a
heading of 90° Lrror was steady at -15 kt. Subsequently, errors up to -32 and -27 kt were
| observed at headings of 90° and 270° Thercalter, velocity and position errors were
1 oscillatory, presumably with a Schuler period. Also, 10-kt error developed during turn from
' 170° to 180° at MOUVW between KMWIT and KPAE after realigning with a 90° heading.
] Performance summary was as follows:

INS SN ALAT ALON AGS
(min) (min) (kt)

KBFI to KMWH

Nav time: 3.t hr 766 0.5 0.7 )
Flight time: 2.8 hr 406 0.1 04 2
748 0.6 1.2 19
KMWH to KBFI
Nav time: 2.6 hr 766 1.0 2.3 2
Flight time: 2.2 hr 406 0.4 09 3
748 0.3 -0.3 5
NCU 0 0.4 0

4D time error summary was as follows:

En route
KBF! to KMWH +:18
KMWH to KPAE -1:13

Evatuation (KMWI)

SID TAN14L -:01

STAR WENI4L %:25

SID TAN14L :00

STAR QUII4L +:05

SID TUM32R -:01

STAR SIP32R Ghs 20
D:-plays

e PCU. Parity error occurred at KMWH after power switching.
e MFD. Blueness was pronounced under bright light conditions.

Flight 6-18, March 12, 1974

The departure from KBFl was via noise-abatement SID SUMI3R using path
perspective command guidance. The en route segmem of the flight to KMWH was 4D
coupled with the approach via straight, decelerating STAR CON32R, with a manual
approach and landing. Time error at the middle marker of the landing approach was -:07
sec. Four autolands were performed from a racetrack course to obtain metric camera data
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for space position data. Following this cffort, u full stop was made in preparation Tor the
following ADEDS cvaluation flights.

The first Might departure was via close-in turn SID MAEL4L, with the subscquent
approach via curved, desceading, decelevating STAR SIP32R. Both segments of this flight
used path perspective  situation  guidance. Departure for the sccond flight was via
noise-abatement SID TANIT4L, and the approach was via curved, descending, decelerating
STAR SIP32R, with both segments using vertical-deviation-only guidance.

The departure from KMWIE en oute to KBFT was via close-in turn SID TUM32R, using
vertical-deviation-only guidance. T..2 return flight was to be 4D coupled per a planned
profile, but severe weather precluded adhering to the ATC coordinated flight plan. The
approach to KBFE was via curved, descending, decelerating STAR TIGI3R, using vertical
plus waypoint guidance.

System Performance Comments

Navigation

e GUID problems ocenrred with 3Dz left the path for no apparent reason over ELN:
two occurrences in ALT HOL D and one in G3D.

e Nav patches were put in to improve single DME update mode. i.¢., bearving within
+15°0f cardinal points N, S, E, W; 152 bank cut off; 2 i minimum range.

e Nav took patches, except bank angle limit, out alter the GUID 3D problem, but
had a similar problem in ALT HOLD.

e Nav XTKE with patches were 0.05R (rwy 32), 0.1L (rwy 32), and 0.0 (rwy 32)
at KMWH.

e Nav XTKE without patches were 0.0 (rwy 32) and 0.1L (rwy 32) at KMWH and
0.12L (rwy 13) at KBFi.

INS - There was no abnormal INS performance. Performance summary was as follows:

INSSN ALAT ALON AGS
{(min) (min) (kt)

Nav time: 6.1 Iy 766 1.6 1.7 2
Flight time: 5.5 hr 406 -1.2 0.3 2
743 1.2 1.1 I
NCU 0.2 -0.4 0

4D time error stmmary was as tollows:

En route KBFI to KMWIH -:07
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Displays—There were no new problems,
Flight 6-19, March 13, 1974

This flight included demonstrations for Boceing corporate oficers. The departure from
KBFI was via departure turn SID BURI3R, and the approach to KPAE was via STAR
EDM 16 with transition to autoland. Departure from KPAL was via close-in turn SID
GLEL6, and the approach to KBFI was via curved, descending, deccierating STAR TIGI3R,
with transition to an autoland. The second flight to KPAL used the sume flight path as the
first, but departure from KPAE on the seeond flight was via noise-abatement SID SAM16,
with the subsequent approach to KBFI again via TIG13R, with transition to an autoland,
Albol the above en route Hight segments were flown 4D coupled.

System Performance Comments
Nuvigation

® XTKE errors at touchdown were 0.16L and 0.01R at KPAE (rwy 16) and 0.02L
and 0.06L at KBF1 (rwy 13).

® The DMEs dropped out momentarily after small accelerations (<0.1 g) in the
direction of the DME station.

INS—Performance summary was as follows:

INSSN ALAT ALON AGS
(min) {min) (kt)

Nav time: 3.2 hr 766 0.4 0.5 2
Flight time: 2.4 hr 406 0.2 06 3
748 0.4 0.1
NCU 0.1 0

Displays—There were no new problems. Pitch on EADI was extremely jumpy.
Flight 6-20, March 13, 1974

The departure from KBFI was via departure turn SID BURI3R, with the approach to
KPAE via curved, descending, decelerating STAR EDM16. During this flight segment,
problems were encountered with the navigation system that precluded additional planned
testing. Three autolands included two touch-and-go landings and one go-around. The
departure to KBFI was direct, with a manual flight director landing. During this flight.
additional problems were encountered with antothrottle control and outer-loop autopilot
modes, including altitude engage and horizontal and vertical path engage.
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System Perfornance Comments

Navigation  Many problems occurred  bad assembly suspected.

e LADI. Waypoints advanced by one.

e MFED. Tinte box and NCDU TE had opposite polarity.

e NCDU. Response to new PTA was incorrect., )

e GUID. Violent pitch ups occurred in altitude hold (Nav or ICPS problem, cause |
unknown). A

o  Nuav. New program with Nav lixes: |
1) Roll #15%cutofr
2) 2 nmi minimum

3)  Single DML cardinal bearings £15° update only

e XTKL ut touchdown were 0.0R, 0.20L and 0.37L at KPAE (rwy 16)and 0.17L
(tuncd to NUW instead of SEA) at KBF1 (rwy 13).

INS—No problems occurred. Performance summuary was as follows:

INSSN ALAT ALON AGS !
(min) (min) (kt)

Nav time: 3.1 hr 766 0.3 0.3 1

Flight time: 1.1 hr 406 0.8 0.3 | |

748 0.1 0.2 3 1_

NCU -0.2 0.3 'f

Displays — There were no new problems. |
Flight 6-21. March 14, 1974 ¥

Departure from KBFI was via departure turn SID BURI3R using path perspective
situation guidance, and the approach to KPAL was via curved, descending, descelerating 4
STAR EDMI16, using the flight director guidance option. This was a 4D flight, and the error

at KPAE was -:06sec. A transition to autolund was accomplished successfully and a '
touch-and-go-lunding was made, followed by a racetrack course Tor one additional autoland, 1
then followed by a full stop. |

Departure from KPAE for KMWH wus via noisc-abatement SID SAM16 using path
perspective command guidance. The [light to KMWI was 4D with the approach via |

two-scgment STAR COR32R. The time error Tor this flight to KMWH was +:13 sec at i

touchdown. 5
i
B

45




Departure from KPAE for ADEDS evaluation Hight one was via depuarture turn SID
GRA32R, and the approach was via straight, decelerating STAR CON32R, with both
seginents of the fhight using path perspective command guidance. Departure for the second
flight was via close-in turn SID TUM32R, and the approach was via curved, descending,
decelerating STAR SIP32R with path perspective command guidance used for both
segments.

At this time, two autolands were accomplished for evaluation of changes made in the
system to correct problems observed during the previous flight.

The next ADEDS cvaluation flight departure from KMWIH was via departure turn SID

GRA32R, and the approach was via straight, decelerating STAR CON32R, with both

i segments using vertical plus waypoint guidance. The next flight departure was via departure

turn SID GRA32R, using path perspective command guidance. The approach tor this flight
was via straight, decelerating STAR CON32R using flight director guidance.

The departure from KMWII for KBFI was via noise-ubatement SID DOU32R using
vertical plus waypoint guidance, and the approach to KBFI was via standard STAR
TAY3IL.

System Performance Comments

Nuvigation

o No problems occurred with PTA entry (the software from flight 6-18 wus used).

: e Navigation errors at touchdown were as follows:
1) KPAE (rwy 16): XTKE 0.14L und 0.25L
2) KMWH (rwy 32)XTKE 0.05t, 0.0L, 0.08L, 0.0R, 0.08L: following SID and
STARs XTKE 0.44R (after takcoff with large navigation error), 0.6L during
autoland circuits.
% 3) KBFI (rwy 31): XTKE 0.02R.

Note that none of the changes for single DME mode update limitations were
incorporated.

s

INS—SN 766 failed in flight; WARN in Nav and ATT modes; restarted in ATT mode,
got WARN again. SN 094 was installed. (This system was previously rejected for exeessive
Schuler groundspeed errors.)

Y ey 6 P rﬂ"ﬂ‘.ﬂrf.ﬁn
-

INSSN ALAT ALON AGS
(min) (min) (kt)

Nav time: 6.9 hr 4006 0.8 2.1 |
Flight time: 6.3 hr 748 2.5 0.8 5
Nav time: 2.8 hr 094 1.9 4.4 3

Flight time: 2.3 hr
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AD time error stumnary was as (ollows:

I:n route
KBl 1o KPAL =006
KPAL 1o KMWII +:13
KMWII to KBI] +1:40

Evaluation (tKMWI)
SID GRA32R
STAR CON32R
SID TUM32R
STAR SIP32R
SID GRA32R
STAR CON32R
SID GRA32R
STAR CON32R

Displays
e No new problems

e MED time box appeared out of position momentarily on scveral occasions (could
be NCU)

Flight 6-22, March 14, 1974

This Night was dedicated to night evaluation of a visual approach monitor (VAM)
installed on the ADEDS Hight test airplane (NASA 515 737-100). No ADEDS evaluation
was accomplished during this thight.

Navigation—The NCU Tlailed in Ilight duc to a memory chuange, either hardware- or
software-induced in bank 2. Only the NCDU keyboard was affected, but the NCU invalid
could not be cleared. The memory was verified, and no evidence could be found that the
problem existed in software. However, an untricd combination of new banks 2 and 3 and
old bank 1 was being used at the time of failure.

An old ICPS program was used.

INS -SN 748 developed large groundspeed errors (-25 Kt) during a 30° bank turn to the
west. Performance summary was as follows:

INSSN ALAT ALON AGS
(min) (min) (kt)
Nav time: 2.5 br 094 1.0 0.9

8
Flight time: 1.0 hr 406 0.6 0.1 1
748 0.4 4.0 19




Displays— Initial MID incrementing problein was induced by soltware patching error,
Flight 6-23, March 15, 1974

Departure from KBEIL was via departure turn SH) BURI3R using path perspective
situation guidance. The flight was scheduled Tor en route evaluation ol ADEDS performanee
on a closed-loop Hight Ffrom Scattle to Portland to Spokane and back to Seattle. Failure ol
the navigation computer shortly alter takeoll f'rom KBIFI required aborting the Night and
returning. The navigation computer software was reloaded, and tests indicated that the
problem was corrected. However, by this time the weather conditions and the delay in
departure time resulted in rescheduling the ight for Portland and return, The system
performance was still not adequate to perform an en route test. A manual lunding was made
on return to KBEFIL.

System Performance Comments
Narvigation The new bank | (with PTA entry problem) was loaded.
@ PTA problem occurred as before. The problem was Feund postilight alter it was
noticed that, on the Tinal leg, TE jumped to the correct value (4:25) while the

time box on the MFD stayed at approximately +0.10.

Navigation XTKEL at touchdown by KBEFI rwy 31 was 0.05L.

An old ICPS program was used. During autoland, lirst Failure was caused by INS
No. 3 groundspeed errors, When INS No. | fuailed. the utopilot did not
disconnect for many seconds alter INS No. 1 went invalid.

INS 748 developed groundspeed errors varying between +32 to -54 Kkt in FHight.
INS 094 failed in Nav and ATT modes duriag final approach after approximately
2.3 Iir in Nav,

Performance summary was as Follows:

INSSN ALAT ALON AGS
(min) 1min) (kt)

Nav t\;w: 2.3 hr 406 04 1.0 3
Flight Xime: 1.6 hr 748 0.2 -8.5 44

Displays
e Display was lost after takeofT;, bootstrap was reloaded and then OK,

e  Altitude invalid cross appeared intermittently on the SADI.




e  MFD crroncous tlight plan conics appeared intermittently, apparently caused by
the pickup ot bits in the conic length word (could be 1/O problem).

2.2 DISPLAY SYSTEM PERFORMANCE
2.2.1 General

The detailed pertormance of the display system is described in the Tollowing sections
and in appendix D. In summary:

1) Problems with the display system hardware resulted in the delay of several test
flights and the carly termination of two ftlights. The problems were, however,
typical ol those encountered in carly test flights of developmental hardware,

A shortcoming of the display system was the lack of relative display brightness
when operating in direct sunlight. The brightness ot the LED readouts on the
display system mode control panel was also judged inadequate.

The display system software configuration was not frozen during the flight test
period. Most of the changes, hsted in tabie 2-1, were of a developmental nature,
i.e., adjustments to scaling and timing and general optimization of the software
routines.

Problems encountered during a2cceptance, integration, and thght testing support
the requircment lor a detailed monitoring of power requirements during the
design and development phase. The level provided to the ADEDS display system
was not adequate.

2.2.2 Display System Hardware
2.2.2.1 Program Control Unit (PCU) and System Control Unit (SCU)

During the first flights, the program stored in memory was destroyed during the
turn-on of airplane systems and transfer from ground power to airplane power. By adding a
memory power supply crowbar circuit, which ensured the memory drive currents were not
switching after the 5-V logic supply had reduced below a normal operating level, the display
system could withstand all power interruptions except when the hydraulic pumps were
switched on. The final operating procedure was to power the system down until the airplane
was ready to taxi, after having conducted a preflight checkout of the display system.

Memory parity was a problem, particuliarly in the beginning of the flight test program.
If a memory parity occurred in memory locations that did not interfere with the SCU
operation, the bad memory location could be restored and the program restarted, However,
if a memory location that the SCU program was using was destroyed, the SCU loader paper
tape had to be reloaded. This was a problem bccause several minutes were required to toad
the tape. Approximately two-thirds into the tlight test, a4 new memory sense and inhibit
boards were installed, and there were only a few subsequent periodic memory parity
problems.




TABLE 2-1.—-DISPLAY SYSTEM SOFTWARE CHANGES

/

Change No.

Flight No. Function

Description of change

EADI, MFD
EADI

MFD

MFD

MFD

EADI
EADI

EADI, MFD

EADI
EADI

EAD!
EADI

EADI
EADI

MFD

EADI
MFD
MFD, EADI
EADI

EADI

Optimize symbol coding

Correct BITSPOT to delete
unblanked vector

Eliminate jumping when new data
received

Prevent hangup when more data
received than can be handled in
available time

Correct shape of DGAMWDGE and
FPANGLE symbhols

Correct pitch reference and
decision height mode panel
readouts

Set MFD fail bit and transmit to
NCU when bad data received

Change pitch scale lines to 5°

Change pitch reference and
horizon lines

Optimize symbol library to save
time

New LS symbol

Key ILS box to LAND ENGAGE
from ICPS

Round off decision height

Round off radar altitude between
1,500-25,000 ft to 100 ft

Correct localizer box scaling

Simplify speed error processing in
conjunction with NCU

Optimize track tape and
airplane symbol

Adjust timing of EADI stroking
Adjust track tape scaling
Optimize timing

Change to 1LS symbol (see
change 11)

Include both 1LS symbols




Shortly after installing the new memory boards, a new problem occurred whicl:
delayed the flight test for approxinnately 2 days. The lirst symptont ol the problem was that
the pitch map weuld make discrete steps in roll instead of inaking a simooth transition. The
second symptom was that the SCU paper tape reader would not load tapes. These problems
were resolved when broken wire was tound in the PCU chassis wirmg.

Several intermittent problems occurred. 'The most serious one was that all ol the
calligraphic symbology programmed to be positioned lel't ol screen center was shifted to the
right side of the display. Another problem was that symbols did not ¢lose properly. It gave
the effect that a low-order bit was always a one in the +X direction.

2.2.2.3 Displays

The displays were reliable. One time the MED did not come up because ot a loose pin
in the input connector to the high-voltage power suppiy.

2.3 NAVIGATION SYSTEM PERFORMANCE
2.3.1 General

The navigation system hardware (NCU and NCDU) performed very well throughont
the flight test period. Navigation system failures/incidents No. 69 through 95 which
occurred during the fligit test period are included in appendix 1. Only four of these related
to the NCU and four to the NCDU,

The navigation computer software conliguration was never completely frozen
throughout the Ilight test period. A total ol 178 changes were recorded. (See table 2-2).
These changes rellect a continuing process of correcting problems, incorporating new
functions and mechanizations, and optimizing soltware routines, which continued through-
out the flight test period. Despite the large number of chiunges incorporated, only one tlight
test, the penultimate one, had to be aborted because of an NCU software problem.

2.3.2 Navigation System Hardware

2.3.2.1 Navigation Computer Unit

The four hardware problems that occurred with the NCU during the flight test period
and are listed in appendix D were as follows:

® Incidents No. 69 and 86 - Design problem in the power interrupt mechanization
o Incident No. 87-—-Spare computer No. 8 card lailurc
o Incident No. 88—SPBP transmitter failure

o Incident No. 91— RNI (Radio Navigation Interlace) card Tailure

i

e
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TABLE 2-2—NAVIGATION COMPUTER SOFTWARE CHANGES

Change Flight : L Type of
No. No. Routine Description of change change
1 1 EXEC Enable the cold start routine for power P
interrupts longer than 2 sec
2 1 GUID Set AGCS flag to acczpt and process |CPS inputs P
3 } NCDU Correct logic for PPOS waypoint and enable P
HOLD pattern left at 0
4 1 NAV Correct scaling of INS velocity inputs T
5 1 EXEC Use pitch and rolt from INS instead of 1ICPS T
and use CAS instead of TAS
6 2 NAV Interchange DME 1 and 2 in listing comments P
7 1 NAV Interchange DME 1 and 2 processing and P
resynchronize runway heading output discrete
8 1 NAV Correcot errors in DME valid log.c and compensate P
for 30" VOR bias
9 2 GUID inhibit HYGUID routine when GS << 64 kt P
10 2 GUID Remove latch on ALT SEL logic and increase gains P
1" MFD Display ORIG and DEST airports when no runway P
is defined in ATC CLR
12 2 MFD Display tuned DME 1 and 2 P
13 2 EADI Set FPA = 0 when GS < 64 kt P
14 2 NAV Zero DME range input cells aftei use P
15 6 NAV New autotune mechanization; see change 102 P
16 2 EADI Modify flight director pitch; canceled for P
flight 3
17 2 NCDU Reinitialize to INS position when ORIG entered P
on INIT page
18 2 EADI Set DA = 0 and inhibit VNAV until GS > 64 kt
19 3 NAV Provide flags to inhibit automatic nav mode
selection
20 2 MFD Increase radial symbol brightness to maximum P
21 2 NCDU Make NAV DATA error functions flight plan P
dependent only
22 2 NAV Simplify nav mode initialization using NAVFLG, P
NAV64K, and LLINIT
23 2 NAV Change nav mode annunciation codes IDX, I XD, etc. P
24 2 BULK Add test DME station XXX, 108.00 P
25 EADI Set VGSDOT and ACNORM to zero when INS P
is valid '
26 3 NAV Compute difference between updated and raw P
INS positions
27 2 GUID Invert RUN/CLAMP logic to compensate for ICPS P
reversal
28 2 GUID Enable pitch and roll synchro inputs instead T
of EPR
29 3 NCDU Correct entry of runway in ATC CLR P

3p = permanrent
T = temporary




TABLE 2-2,— (Continued)

Cr;\?(l:ge Routine Description of change

Type of
change®

30 NAV Enable frequency check when manual tuning P
from the cockpit

31 Correct assembly errors
3 Correct simulated airplane altitude computation
33 Add PITCHB of 5°

34 Patch for PITCHB and pitch and roll synchros

35 Increase accuracy of slow-loop vector magnitude
routine

36 Correct I XX mode annunciation when NOSTAI1
and NOSTAZ are set

37 Correct BAROSET mechanization
38 Add 1-sec lag filter to FPAC
59 Add GS and nav mode annunciation to MFD text

40 Correct interface protection mechanization
for bad MFD bus 1 transmissions

41 Correct VOR mechanization for \{OR 2 and
change calculated bearing by 180

Inhibit LOOK UP STATUS message on line 8
Correct PTA mechanization for reclearances
Zero VNAYV at end of path

Correct acceleration resolving errors

42
43
44
45
46

w W Ww w w

Patch of correction to EPR input processing
{canceled)

47
48

w

Method for canceling preselect modes

Resend MFD bus 1 when bad parity indicated by
PCU mode word

Correction to PTA mechanization

w

49
50
51
52
53
54
55
56

Correction to change 37

Correct assembly errore,

New test data outpr. ¢ variables

180° phase change to EPR inputs

Add 1-sec lag filter to ACNORM for trend vector
Moved GS and mode display

H W WW W W W W
Y Y U U 4 U U O

Add 4K correction to CAS to agree with
cockpit display

57 Transmit new page after power interrupt

58 4 Correct error in missed approach path name
in ATCCLR

59 Flash FPA syinbol at flare

60 Add reciprocal of radial symbol

61 Adjust limits of altitude/range sy mbol
62 Correct NAV mode annunciation
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TABLE 2-2.—CONTINUED

Chr\?g'ge F:\'I%"n Routine Description of change Itz;):ng
63 4 EAD! Activate PITCHB of 5 P
64 4 NCDU Annunciate M for manual tuning on NAV DATA 3 P
65 4 EADI Corrections to runway symbology; superseded P

by change 75
66 4 NAV Apply range and geometry checks when manually P
tuned
67 4 GUID Correct EPR limit calculations P
68 4 GUID Double precision integrators for autothrottle P
69 4 - New text data outputs T
70 4 Correct assembly errors P
P 4 GUID Try differentiated GS for VGSDOT T
72 4 GUID Limit autothrottle sheer signal to £16 ft/sec P
73 4 GUID Reduce autothrottie gains to KH = 1.5, KVDT = 1.2 P
74 5 EADI Add 1-sec lag filter to DA to compensate for INS P
1/sec computation rate of true heading
75 5 EADI Correction to runway centerline; superseded by P
change 100
76 5 GUID Modify 4D guidance to new too fast and too P
slow limits
71 5 GUID Mode panel annunciation when IAS low-speed P
limit is reached
78 5 GUID Modify vertical path capture logic to engage P
within 21000 ft
79 5 GUID Increase & limiting gain P
80 5 GUID Modification to prevent autothrottie overhoosting P
81 5 NAV Fake INS valid for simulated fhight P
82 5 NAV Increase runway discrete set time by 100 msec P
83 5 EXEC Carrect error in power interrupt subroutine P
84 5 - Correct assembly errors P
85 5 EXEC Software fix for hardware design errar in power P
interrupt sequence; superseded by change 103
86 5 NCDU Biank windspeed when TAS < 150 kt P
87 5 - Modify test data output P
88 6 BULK Expand bulk data P
89 5 NAV increase tuning time from 1to 10 sec P
90 5 GUID Correction to autothrottle computation P
91 5 GUID Reset PCAPT after a touch and go P
92 6 GUID Modify autothrottle too slow to use IASREF P
93 6 GUID Madify EPR limit gains P
94 6 GUID Modify vertical capture logic P
95 6 GUID Stall protection in vertical guidance modes P
96 6 NCDU Use CAS for wind when TAS <150 kt P




i
TABLE 2-2 -CONTINUED
. { p
i Change Flight Type of
No. No. Routine Description of change change®
97 6 MFD Add AGCS mode annunciation
} | 98 6 EADI Blank erroneous name annunciation after P
y passing last waypoint
99 6 MFD Correct error in trend vector when error p
exceeds screen limits
100 6 EADI Correction to runway sy mhology P A
101 6 BULK Expand bulk data P
102 6 NAV New autotune mechanization P
103 6 EXEC Ensure power interrupt enabled in fast loop i
following OUTO04 instruction
104 6 - New test data output P
105 6 GUID Reverse polarity of ICPS pitch flivht director P
106 6 EADI Correct flashing FPA when negative P
‘x 107 6 MFD Correct mode annunciation P
108 6 NAV Alternate HDOT mechanization P
109 7 BULK Expand bulk data P
110 7 NAV Reverse autotune stations so No. 2 is path P
dependent
11 7 NCDU Correct REJ logic in NAV DATA modes P
112 7 MFD Simplify speed error mechanization F
113 7 EADI Force VACCEL input to zero when radio altitude P
is less than 5 ft
114 7 EADI Correction to runway centerline P '
115 7 - Correct assembly errors P :
116 7 GUID Reverse sign of radio altitude received from ICPS P
117 7 NAV Inhibit VOR update modes P
118 7 NCDU Increase resolution of wind calculation P
119 7 NCDU Delete 5-kt CAS bias inserted in change 56 F
120 8 BULK Change all GRP references to VORTAC P
121 8 EADI Increase runway width to 300 ft P
122 8 - New test data outputs T
123 7 GUID Increased gain of autothrottle retard P
124 8 GUID Blink amber lights on mode panel when armed P
125 8 GUID Correction to ICPS flight director at localizer P
capture
126 8 NCDU Correct error in runway heading format P
127 8 GUID Modify pitch flight director gains P
128 9 GUID Increase Vg to 340 and My, q t0 0.78 P
129 9 NAV Inhibit position update when GS < b kt P
130 9 EADI Change HRAD limit 1o 1 ft for VACCEL =0 T
l (canceled)




TABLE 2-2.-CONTINUED

Change Flight Routine Description of change Ty'pe OL
No. No. change
131 NAV Enable VOR update modes {canceled) T
132 10 - New test data output T
133 11 NCDU Annunciate path guidance mode 2D, 3D, P

4D, and LND
134 11 MFD Display windspeed and direction
135 11 EADI Reference speed error and acceleration command
to path until IASREF is reached
136 1" NCDU Freeze NAV DATA 1 errors at touchdown P
137 1Al BULK Add NUW P
138 11 NCDU Set windspeed = 0 when HRAD <5 ft P
139 1" EADI Corrected scating of VNAV star and circle P
140 17 NAV Autotune station 1 search increased to four P
stations
141 11 NAV Retain velocity correction terms for 5 min P
142 T Correct assembly errors P
143 11 EADI Correct path pointers at end of path P
144 12 NAV Change IDD bearing restriction to P
150" >|Bearing|> 30
145 12 GUID Change mode panel amber blinking logic P
146 13 New test data output T
147 11 NAV Patch for autotune 2 station search T
148 13 EADI Flight director gain change and 3-sec filter P
149 15 EADI Limit FPAC to t10° P
150 15 MFD Add 3-sec filter to altitude range P
151 15 EADI Delete DA filter after INS output corrected P
to 4/sec
152 15 GUID Add versine for ICPS vertical path command
153 17 NCDU GMT not reset when n2w ORIG entered on
INIT page P
154 15 GUID Modify ICPS flight director per change 148 P
155 17 NAV Increase DME tuning time to 15 sec P
156 17 GUID Change autothrottie clanmip logic at touchdown P
157 17 NAV Correct DME update flags P
158 18 NAV Inhibit navigation position updates when P
GS <5kt |
159 18 NCDU Correct errors in SEL. mode and ATC CLR P
after REJ
160 18 NCDU Make ETA = DTOGO/GS on the last leg P
161 18 NCDU Groundspeed error wrong scaling corrected P
162 19 AGCS Rescale ICPS pitch flight director P
163 19 MFD Make time box calculations SC and SDCC P
double precision
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TABLE 2-2. -CONCLUDED

Change Type of
No. , Routine Description of change change

164 MFD Correction to altitude range symbology P

165 NAV Correction to navaid pomter when navaid
was on the path

166 NAV Enable VOR update modes up to 20-nmi range
167 g MFD Correct second turn mark for last two waypoints
168 GUID Prevent station pointer update when GS = 64 kt
169 NAV Inhibit DME updates when range < 2 nmi

170 ? NAV Calculate sin and cos of true heading in
fast loop

171 GUID Add versine 1o autothrottle

172 NAV Inhibit updates in single DIME modes unless
bearingis within £15 of a cardinal heading

173 GUID Remove versine lrom VO C

174 NCGU Correc: problem in debuy mode when UP key
was pressed

175 Correct assembly errors
176 VPC included in test data output

177 Assembly errors in NCOU ETA and auto
throttle flare

178 Versine replaced to compensate lor old
ICPS tape
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Incidents No. 75. 83, and 92 affected the NCU, but they were due to test equipment
and not the tlight hardware,

The design problem 1n the power interrupt system did not adversely affect NCU
performance in any way. and the system withstood many hundreds of power interruptions
and resumed normat operation. On the few occasions when normal operation did not
resume automaticatly. recyeling power brought the system back to normal. When the
problem was diagnosed. software was moditicd to circumvent the hardware problem. The
other three problems were fixed by substitution of new cards provided by Litton.

The NCU accumutated 2020 hr of operation during the ADEDS program: 538 of these
occurred on the flight test airplane.

2.3.2.2 Navigation Control and Display Unit

Two NCDUs were used on all test flights, one mounted in the cockpit and the sccond
mounted on top of the navigation pallet. By a simpte wiring change involving moving two
jumper wires in the X2 matrix box, onc or the other NCDU could be made the master. Only
key presses on the master NCDU keyboard had any clfect: the second NCDU was a slave
display. This arrangement proved to be extremely useful. The Tirst six Tlights were made
with the active NCDU on the navigation paltet for engineering evatuation and in-fhight
software troubleshooting. Halfway through the seventh flight. the cockpit NCDU was made
the master system for the duration of the flight test program. Because of the better visibility
of the NCDU mounted on the navigation pallet, the test instrumentation TV camera was
moved to this location prior to the fourth Jight.

The NCDU SN 002 had a whitz-on-black keyboard. while SN 003 had a multicolored
keybourd. The position of the two NCDU’s were interchanged several times during the flight
test period. The multicolored keyboard n its present form proved to be unacceptably bright
under night conditions.

The two NCDU problems listed in appendix D which occurred during the Tlght test
period were:

e Incident No. 79-NCDU SN 003, defective key

e Incident No. 82-NCDU SN 003, design problem causing onty noise on the
display

Other incidents, No. 69 and No. 80, describing NCDU keyboard lockup were caused by
NCU power interrupt problems (section 2.3.2.1) and were not NCDU failures. However, at
least two other instances of temporary sticking of keys causing keyboard hangup were not
listed as failures. Litton analysis has shown that the silver contact switches used for the
NCDU keys are susceptible to temporary sticking, which can be cured by re-pressing the
offending switch. During this program. after three or more occurrences involving the same
switch were observed, the switch was replaced. Litton is incorporating gold contact switches
in latest keyboards,




Dunng the ADEDS program the two NCDOUs accumulated estimated operating tumes as
follows:

System mtegration Flight
and simulation test Total
SN thr) (hr) (hr)
003 4000* 500 4500
0232 1500 300 2000

6500

It is significant to note that during the accumulated total operating time ol more thar
6500 hr. no CRT problems or deterioration in brightness or contrist were observed,

2.3.3 Navigation Computer Software
2.3.3.1 General

The navigation computer software progrim ol 32,000 words had been developed and
checked out during system integration testing in the 8400 simulator as described by
reference 5. Checkout had proceeded as far as possible in the simnlator in sonie areas. but in
other arcas, in parvticular the MED and FADI data processing, the checkout was incomplete
hecause ol the late availability and continuing problems with the display system hardware.
Consequently., the task ol software checkout durmg the flight test period was greater than
originally intended. It hud, of course, been anticipated that the real airplane environment
would uncover soltware problems that had not been apparent in the simulator environment.
It was also anticipated that mechanization changes in the ADEDS conhiguration would
result Trom tlight test experiences and that temporary alternate solutions to operational
situations would be tried. Theretore, a software control procedure was set up to regulate
software changes to the NCU und also to the display systent.

The soltware control procedure involved the completion of a data sheet describing
cach change and identilying the software assembly to which it was applicable. A summary
of the NCU data sheets is shown an table 2-2. A record was Kept of the software assembly
and the patches incorporated for cach test Hight. The working copies of the program listings
that were kept on the airpkme had all changes marked in them together with the new
memory stm check values.

The major problems encountered, the fixes to those problcms, and new mechanization
changes made to the NCU soltware during flight test are discussed in the Tollowing seetions
under the headings ol navigation software tNuav), navigation control and display soltware
(NCDU), guidance software (GUID2D. GUID3D. .nd GUID4D), plus autothrottle and
AGCS functions. multitunction display software (MED). clectronic attitude indicator
software (EADI), and exccutive (EXEC), /O, and nuscettancous functions.

*This figure is a conservative estimate of usage in the simulator between May 1972 and December {973.
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2.3.3.2 Nav Software

A software error in the INS software, causing the incoming INS velocity data to be
interpreted by the NCU as half of what it should be, precipitated a navigational crisis for
ADEDS on the first flight. The error was corrected by a software patch to the NCU in flight.
Thereafter, navigation performance in the INS only (IXX) and the INS updated by dual
DME’s (IDD) was satistactory until « DME data dropout was experienced from a crosstrack
station, which uncovered a basic mechanization problem in the DME updated modes. The
memory location receiving incoming DME range from the 1/O must be zeroed out every
time it is read: otherwise, erroneous updates result when no new input data are received, and
the last frozen value in the memory cell indicates that the airplane is moving in a circle
around the DME station.

As test flights continued, the crosstrack errors observed at touchdown were sometimes
excessive and generally larger than the 0.1 nmi that Litton had specified for the IDD mode.
The basic problem was because the DME coverage was inadequate in the arcas where the
majority of test flights were being conducted—Paine Field (KPAE) and Moses Lake
(KMWH). In both cases, DME stations to the north or south could be received at low
altitudes, but no stations to the cast or west could be received. The primary runways at
KPAE, KMWH, and KBFI are all essentially north-south runways. Therefore, the lack of
east-west DME updates was apparent in the XTKE observed at touchdown.

In attempts to improve performance, the following mechanization changes were
incorporated during the flight test period:

e Relaxing geometry restrictions to allow IDD mode with two DMEs with relative
bearing difference of >30°(was 45°)

e Retaining velocity correction terms in the NCU for 10 min in the event of loss of
DME updating

e Inhibiting DME updates when range is less than 2 nmi

e In IDX and 1XD modes only, updating when the Learing to the DME is
within £15°of a cardinal heading

e [Inhibiting all update when bank angle is greater than 15°

After the first three changes were made, it became apparent that there was no problem in
the IDD mode. Analysis of 22 recorded landings at KBF] beginning with flight 12 showsa
mean error of 0.08 nmi with a standard deviation of 0.05 nmi.

Operations at KMWH proved that a problem existed with a single DME update (IDX or
IXD). When operating at 10,000 ft during SID and STAR pilot operations, dual DME
data—usually EPH and GEG—were received and crosstrack errors at touchdown were usually
small. When operating at pattern altitude of 3000 ft, only EPH DME to the north could be
received, and crosstrack crrors were often large (see table 2-3). The last two changes listed




TABLE 2-3.—CROSSTRACK ERROR SUMMARY

Flight No.

Airport

Runway XTKE (nmi)

Notes

KBFI

KPAE
KBFI

KMWH
KBFI

KBFI

KMWH
KBF!

KBFI
KPAE
KMWH
KBFI
KMWH

KBF1
KPAE

KBFI

KMWH
KPAE
KBFI

KPAE
KBFI

KMWH

KBF{
KMWH

KBF{

KPAE
KBF{

KPAE
KBFi{

KMWH
KBF{

KPAE

KBF1
KMWH

KBFI

0.19L(16),
0.21L (13R)

0.10L(32R}),
0.020(31L)

1.05L(13R)

0.10L(32R}),
0.21L(13R)

0.25R(13R)

0.44R(16)

0.67R(32R),
0.46R(32R),
0 03L(13R)

0.17L(32R}),
0.42R(32R),
0.23L{32R),
0.20L(13R)

0.35R(16),
0.71L(16)
0.63R({13R)

0.13L(32R),
0.35L.(16)
0.45R(13R)

0.17R(16)
0.08L(13R})

0.15L(32R}),
0.24L(32R}),
0.05L(32R)
0.14L(13R)

0.28L{32R),
0.30L(32R),
0.01L(32R)
0.07R(13R}

0.14L(16),
0.07L(13R),

0.15L(16)
0.05L(13R)

0.21L(32R)
0.15R(13R)

0.01R(16),
0.80L(16),
0.04R(13R)

0.11R(32R),
0.15R(32R),
C.77R(32R),
0.14R(13R)

1.541L(16),

0.10R(32R),

0.20L(32R),

1.25R{32R),
0.07L(32R),

0.50L(32R),
0.20R({32R),
0.10R(32R),

1.15R(16),

0.06L(32R)

0.20L(32R),
0.15L(32R),

0.01L{32R),
0.03R{32R),

0.11L{16)
0.02R{13R)

0.01L(16),
0.06R(16),

0.00(21),
0.50R(32R),
0.48R(32R)

0.56L(16)

0.35R{32R)

0.28L(32R)

0.10R{(32R)
0.12L(32R)

0.20R(32R)
0.02L(32R)
0.09R{32R)

0.46L(16)

0.05L{32R)
0.10 {32R)

0.17L(32R)
0.12L(32R)

0.32L(16)
0.05L(16)

0.10L(2V)
0.88R{32R)

Gross nav errors

IDX modes only

INS 7 excessive errors

INS 2 excessive errors

DME update geometry changed

DME mode to 3.4 sec memory
time




TABLE 2-3.-CONCLUDED

Flight No. Airport Runway XTKE (nmi)

19 KPAE 0.02(16), 0.01(16), 0.12R(16)
0.01(16)

KBFI 0.06L(13R), 0.08L(13R)

KPDX 0.00(28R),  0.00(28R)

KSEA 0.10R(16R), 0.10R(16R)

KMWH 0.00(21), 0.11L(32R), 0.50L(32R)
1.30L(32R), 1.10L(32R)
KBFi 0.10R(13R)

KMWH 0.09(32R), 0.47R(32R), 0.10(32R)
KBFI 0.14(13R)

KMWH 0.06L(32R), 0.03L(52R), 0.28L(32R)
0.56L(32R), 0.70L(32R), 0.35L(32R)
0.49R(32R), 1.05R(32R), 0.03L(32R)
KBFI 0.00(13R)

KPAE 0.21L(16), 0.05L{16),  0.20L(16)
KBF1 0.01R(13R), 0.15R(13R)

KMWH 0.09L(32R), 0.85R{14), 0.47R(14)
0.00(32R)

KMWH 0.05R(32R), 0.10L(32R), 0.00{32R)
0.00(32R),  0.10L(32R)
KBFI 0.12L(13R)

KPAE 0.16L(16), 0.01£(16), 0.00R(16)
0.20L(16),  0.37L(16)
KBFI 0.02L(13R), 0.06L{13R), 0.17L{13R)

KPAE 0.14L{16), 0.28L(16), 0.20R{16)
0.20R(16), 0.10L(16), 0.25L{16)
KMWH 0.05L(32R), 0.00L(32R), 0.08(32R)
0.00R(32R), 0.08L(32R), 0.44R(32R)
0.60L{32R)

KBFt 0.02R({13R)

KBFI 0.05L{13R)




above were mcorporated in an attempt to improve 1XD and 1DX mode performance.
Unlortunately, the chunges were not evaluated at KMWI betore the ADEDS Ilight tests
were terminated.,

The last change listed above is intended to prevent the DME memory mode of
operation signatl loss from introducing crrors into the NCU position and velocity update.
The digital DML was also adjusted by Collins to the minimum setting ol 3.4 sec. Alter this
adjustment, it was noticeable that the DME Trequently dropped out during airplane
acceleration away from or toward the station. The bank angle limit of 15° for DME update
inhibit protects against DMEE memory operation during turns.

The VOR DME navigation modes were not used as primary modes because the VOR
tuning is independent ol the DME autotune. The mode was used with mixed results, and a
maximum range limitation of 20 nmi to the VOR was incorporated to lmit possible
mtroduction ol navigation error due to VOR bearing error.

The backup air data/mag heading mode (ADD) was also evaluated under cruise
conditions. When the niode is initiated. there is an angular jump on the MED equal 1o the
drift angle. This is caused by track initially becoming equal to heading when INS data are
lost. The crror is corrected as the DME update corrects the velocity estimates and hence
track angle.

The autotune mechanization was also improved during flight test.

&  Scarch time per stution was increased to 135 see

e  The search pattern was increased tfrom two to lour stations.
The ftirst change allowed more time for DME lock-on to oceur. The sccond improved the
chance ol linding a valid DME in the situations encountered in the Washington area where
mountains limit the number of stations that can be received when operating at low altitude.
Trouble experienced with the autotune system during the tlight test was eventually traced
to a marginal RN{ card in the NCU.

2.3.3.3 Navigation Control and Display Unit Software

No major changes were made in the NCDU software from the mechanization defined in
the reference 3 requirements document. Minor changes incorporated included:

® NAV DATA | page error displays always relate to the flight plan regardless of
autopilot mode.

e WIND is calculated uaing CAS when TAS <150, and windspeed calculation
stopped when radar altitude is <5 ft.

® NAV DATA 3 VORTAC station Irequency has M annunciation when selected by
keyboard entry.
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e PTA computation for the last leg changed to DTOGO/GS
®  Aftera power interrupt, a new NCDU page is always transmitted.

The last change is to protect against keyboard lockup Tollowing a momentary power
interrupt.

2.3.3.4 MFD Software

o was found that a t-see lag Filter was required Tor a smooth presentation of trend
vector on the MED display. Also, double precision caleulation and a 3-sec lag lilter were
required for the altitude runge symbology.

The only new features added to the MED during the flight test period were the
addition ol a reciprocal line to the radial symboland the addition ol data to the bottom ot
the display. The latter resulted from pilot requests for dat. to be continuously displaved on
the MEFD. The data displayed are:

e  Mupscale

e Groundspeed

e Windspeed and direction

e  Guidance mode

Very few software problems were experienced during Mlight test relating to the MFD
display. There were occasions wlien extrancous lines or conics appeared, but these were
quickly traced and corrected. An unresolved deficiency was latitude/longituce grid lines
being displayed in erroneous positions on some map scales.

2.3.3.5 EADI Software

A great deal ol development time and software debugging effort were spent on the
EADI software throughout the flight test period to correct deficiencies in the basic design
and to correct software mechanization errors. Not all of these efforts were successtul by the
time flight test was terminated. Design changes mechanized were:

e Implementing a 5° pitch bias between the airplane symbol and the 0° pitch
horizon

® Adding a 1-sec lag filter to tlightpath acceleration (FPAC)
e Limiting FPAC to %10

e Incorporating in the display system flightpath angle (FPA) flashing symbol when
flare is initiated by the 1CPS




e Simiplifying the mechanization of speed error to transler the data processing load
to the display computer

Problems were encountered with both the VNAV star and circle and the runway
symbology. Debugging these problems was suceessiul to the point that the symbology was
within screen limits and the displayed formats were correct. However, in some situations
when all or part of the symbology was being limited within the screen coordinates,
distortions and errors in the displayed presentation would resuit, The problem was minor
for VNAV symbology, but the runway symbology could become distorted. This problem
was not solved prior to the end ol Hight test.

A problem with the baro inertial vertical situation calculation had a protound cilect on
the EADI. Large vertical speed (HDOT) computation errors resulted when the airplane was
on the ground during landing and takeoft runs. Noise rectification at the NCU A/D
converter caused errors in the INS vertical acceleration input to the baro incrtial loop and
caused the flightpath angle symbol on the EADI to be in error during takeofl and landing.
The problem was circumvented in the EADI software by forcing the vertical aceeleration
input to zero when radio altitude is less than 5 {t.

2.3.3.6 GUID Sottware

No changes were made to the basic 2D and 3D guidance routines developed in the
simulat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>